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Abstract
We consider a simple model for a black-hole laser: a Bose-Einstein condensate with uni-
form speed of sound and partially uniform flow, establishing two horizons, a black-hole and
a white-hole horizon. Waves confined between the horizons are amplified similar to radia-
tion in a laser cavity. Black-hole lasing appears as an instability with discrete sets of modes
given approximately by a round-trip condition. We found that, in addition to the regular
Hawking radiation, trans-Planckian radiation does tunnel out of the black-hole laser.
Keywords: theory of instabilities; analogue gravity; Hawking radiation; Bogoliubov-De Gennes
equation; black hole laser;
1 Introduction
Do black holes radiate? [1] Even though there has been intensive research to answer this ques-
tion in the last 44 years, Hawking radiation [2] remains still undetected. However, this has not
stopped scientists from trying to understand this phenomenon. In particular, Unruh [3] pro-
posed an effect analogous to a black hole emitting light (photons) with a fluid emitting sound
waves (phonons). The study of analogue Hawking radiation and other effects usually related
to gravity has given birth to a new and intensive area of research: analogue gravity. With this
approach, new ways of thinking have opened both in gravity and in the analogue theories, e.g.,
in condensed matter physics [4, 5], hydrodynamics [6, 7], optics [8, 9], among others.
In this paper, we consider a trans-sonic Bose-Einstein condensate (BEC) as our quantum
fluid, as it is a system described by a simple theory while still offering good perspectives for
demonstrating the quantum effects of event horizons in the laboratory. Furthermore, we study
an arrangement known as “black-hole laser” (BHL) [10], which consists of a finite stationary
transonic medium, i.e., a medium with a spatially nonuniform flow that varies from subsonic
to supersonic and back to subsonic speeds, establishing two horizons: the white-hole (WH)
and black-hole (BH) horizons. These horizons confine Hawking radiation in the space between
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them and, as they create the Hawking radiation in the first place, they act as both the cavity
mirrors and the gain medium of a laser: the black-hole laser.
There has been substantial literature on the theory of black-hole lasing [11–16] and a dis-
puted [17] experimental demonstration [18]. Here we develop the simplest possible model of
a BHL, which allows us to draw a conclusion that is normally hidden in the technicalities of
more complicated models closer to experimental details. We are going to show that not only
regular Hawking radiation is emitted by the BHL, but also trans-Planckian radiation. This is
radiation characterized by wavelengths comparable with the Planck scale of the problem. In
black-hole analogues, this scale is set by dispersion [19]. In the case of BECs, it is given by the
healing length of the condensate. Normally, this trans-Planckian radiation cannot propagate
beyond the black-hole horizon nor leave the white-hole, but in the case of instabilities, as in the
BHL, it can.
An instability is characterized by a complex frequency ω with positive imaginary part1. In
this case, propagating plane waves must also have a complex wavenumber k. What should be
the sign of the imaginary part of k? Imagine the source of the instability — in our case the BHL
— emits a wave growing in time. Consider two observers at equal time, one closer to the source
and the other farther away. As the radiation takes time to propagate, the closer observer must
perceive a larger amplitude than the more distant one. Therefore, the spatial part exp(ikx) of
the emitted wave must decay while propagating, which implies that the imaginary part of k
must be positive for positive x. For negative x (on the other side of the source), the imaginary
part of k must be negative.
The waves made by the instability are thus exponentially confined in space while expo-
nentially growing in time (until the resources are getting depleted). Mathematically, they form
confined, square-integrable modes similar to the eigenfunctions of a potential well. Physically,
however, they are not confined at all. Quite the opposite, they describe the growing flux of ra-
diation propagating away from the instability. The same concept also applies to waves that, for
real ω, are not propagating, but are exponentially confined. For complex ω with positive imag-
inary part, they behave in the same way as the former propagating waves. For real frequencies
they are evanescent waves, for complex frequencies they are propagating, as the distinction be-
tween propagating and evanescent waves ceases to exist in this case. In our case, this implies
that trans-Planckian radiation can tunnel out of the confining horizons and escape. As it turns
out for our model, the trans-Planckian component is comparable in magnitude to the regular
Planckian one.
We also found that in our model a substantial part of Hawking radiation is reflected at the
horizons, i.e., turned from counter-propagating to co-propagating.2 This is not surprising, as
we consider a model with sharp interfaces where reflections are prevalent. We are also going
to show that the modes of the BHL are well described by a simple, intuitive model typical for
radiation in cavities. The phase of a round-trip inside the cavity should be a multiple of 2pi
plus two times pi/2 from the two turning points, the horizons. Requiring thus that the phase of
a round-trip for real frequencies is an odd multiple of pi turns out to give an excellent approx-
imation for the real part of the wavenumber, despite amplification, tunneling and reflection
involved in black-hole lasing.
1We adopt the convention of physics that stationary waves oscillate with exp(−iωt), whereas in engineering
they tend to oscillate with exp(jωt).
2Reflection is frequently called u-v mixing in the literature of black-hole analogues.
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2 Equations of motion
2.1 Bogoliubov dispersion
The theory of elementary excitations in BECs [20] relies on linearizing the quantum field of
atoms around the classical mean field, which gives the Bogoliubov-de Gennes equations [20]
for the two components of the elementary excitations. For instabilities, this theory was devel-
oped in Ref. [21]. Here we perform a simplification: the only ingredient we need from the
Bogoliubov-de Gennes equations is the Bogoliubov spectrum [20]:
ω2 = c2k2 +
h¯2
4m2
k4 (1)
where m is the atomic mass of the condensate and c the speed of sound, which can be rewritten
in terms of the single constant k0 as
ω2 = c2k2
(
1+
k2
k20
)
= F2(k). (2)
The constant k0 quantifies the deviation of the dispersion relation from the ideal dispersion of
a linear wave (from relativistic wave propagation with c playing the role of the speed of light).
It is related to the so-called healing length ξ [20] by ξ2 = 2/k20. The healing length ξ defines the
effective Planck scale for analogues of gravity in BECs.
2.2 Quantum field
Unruh proved [3] that the equation for a small perturbation φ of the velocity potential — a
sound wave — in a rotation-less fluid with a given velocity profile v(x) is
(∂t + ∂xv)(∂t + v∂x)φ = ∂2xφ. (3)
We can generalize this equation by including the Bogoliubov dispersion given in Eq. (2), and
get
(∂t + ∂xv)(∂t + v∂x)φ = ∂2xφ−
1
k20
∂4xφ. (4)
Alternatively, this equation of motion can be obtained by proposing an appropriate action for
the field [10, 22], which in this case takes the form
Sφ =
1
2
∫
d2x
(
[(∂t + v∂x)φ]2 + φ
[
∂2xφ−
1
k20
∂4x
]
φ
)
. (5)
The operator of the right-hand side is the sum of two terms. The first one comes from the
ordinary relativistic action, and the second one includes a higher derivative that produces su-
perluminal group velocities due to its sign. The corresponding dispersion relation is then
(ω− vk)2 = F2(k) = c2k2
(
1+
k2
k20
)
, (6)
where derivatives of both the velocity profile and the wave number were neglected.
This dispersion relation is visualized in Fig. 1 (a) where we plot the square root of each side
of Eq. (6) separately. We choose the fluid flow to the left, i.e., v < 0. The positive root of the
right-hand side (orange curve) gives the solutions moving to the right or counter-propagating
with the flow, and the negative root (green curve) gives the solutions moving to the left or
co-propagating with the flow. The left-hand side are straight lines with two velocities, v1 (sub-
sonic) and v2 (supersonic).
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Figure 1: (a) Dispersion relation for counter-propagating (orange) and co-propagating waves
(green). Graphical solution for two velocity profiles: one subsonic v1 (red) and one supersonic
v2 (blue). Here ω = 1, k0 = 2, c = 1, v1 = −1/2, and v2 = −2. (b) Fluid velocity with three distinct
regions, I and III with subsonic velocity −1 < v1 < 0 and II with supersonic velocity v2 < −1.
3 Black hole laser with real frequencies
For a given ω, we can find up to four solutions for the dispersion relation in Eq. (6) through
a numerical (or graphical) method and each velocity. We also show in Fig. 1 the solutions in
the dispersion relation diagram for two velocities: for a supersonic velocity v2 we find four
solutions (labeled with a subscript 2) and for a subsonic velocity v1 only two (subscript 1).
Moreover, the solutions are also labeled with subscripts “u” for a counter-propagating
mode moving to the right with k > 0 that exists for both v1 and v2, “ur” and “ul” for counter-
propagating solutions with k < 0 moving to the left and to the right, respectively, and “v” for
co-propagating solutions also with k < 0 moving to the left.
The black-hole laser is a system where the flow velocity changes from a subsonic velocity
v1 (region I) to a supersonic one v2 (region II) only for a finite distance L, to then return to v1
(region III), such velocity profile can be seen in Fig. 1 (b). The finite supersonic region is the
cavity. We are considering a simple system where the flow velocity is constant everywhere, i.e.,
step-like or flat-profile configuration [23]. If k0 6= 0, for any ω there is a domain of v1 and v2
where the solutions have the behavior shown in Fig. 1(a), and modes k2ul and k2ur are trapped
inside the cavity by the difference in fluid velocity, creating an analogue to the Hawking effect
(see Fig. 2(a)). The left side of the cavity is considered an analogue of a WH and the right side
an analogue of a BH.
3.1 Direction of travel
The direction of travel of the modes is given by their group velocity, i.e.,
vg(k) =
∂ω
∂k
=
c
(
1+ 2 k
2
k20
)
√
1+ k2k20
, (7)
and considering the (negative) flow velocity v1 or v2 of each region, we obtain the following
group velocities in the laboratory frame with respect to the flow vlab for counter-propagating
(u) and co-propagating (v) modes
v1u(k) = vg(k) + v1, v1v(k) = −vg(k) + v1,
v2u(k) = vg(k) + v2, v2v(k) = −vg(k) + v2.
(8)
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k2ul
<latexit sha1_base64="y80zB8/a9f+548J45Rd2iPOwtu 8=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8hd0gqLegF48RXBPILmF2MkmGzD6Y6RHDkt/w4kHFq1/jzb9xkuxBEwsaiq puuruiTAqNrvvtrKyurW9slrbK2zu7e/uVg8MHnRrFuM9Smap2RDWXIuE+CpS8nSlO40jyVjS6mfqtR660SJN7HGc8jOkg EX3BKFopGHUD5E+Y142cdCtVt+bOQJaJV5AqFGh2K19BL2Um5gkySbXueG6GYU4VCib5pBwYzTPKRnTAO5YmNOY6zGc3T8 ipVXqknypbCZKZ+nsip7HW4ziynTHFoV70puJ/Xsdg/zLMRZIZ5AmbL+obSTAl0wBITyjOUI4toUwJeythQ6ooQxtT2Ybg Lb68TPx67arm3Z1XG9dFGiU4hhM4Aw8uoAG30AQfGGTwDK/w5hjnxXl3PuatK04xcwR/4Hz+ANCakbw=</latexit><latexit sha1_base64="y80zB8/a9f+548J45Rd2iPOwtu 8=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8hd0gqLegF48RXBPILmF2MkmGzD6Y6RHDkt/w4kHFq1/jzb9xkuxBEwsaiq puuruiTAqNrvvtrKyurW9slrbK2zu7e/uVg8MHnRrFuM9Smap2RDWXIuE+CpS8nSlO40jyVjS6mfqtR660SJN7HGc8jOkg EX3BKFopGHUD5E+Y142cdCtVt+bOQJaJV5AqFGh2K19BL2Um5gkySbXueG6GYU4VCib5pBwYzTPKRnTAO5YmNOY6zGc3T8 ipVXqknypbCZKZ+nsip7HW4ziynTHFoV70puJ/Xsdg/zLMRZIZ5AmbL+obSTAl0wBITyjOUI4toUwJeythQ6ooQxtT2Ybg Lb68TPx67arm3Z1XG9dFGiU4hhM4Aw8uoAG30AQfGGTwDK/w5hjnxXl3PuatK04xcwR/4Hz+ANCakbw=</latexit><latexit sha1_base64="y80zB8/a9f+548J45Rd2iPOwtu 8=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8hd0gqLegF48RXBPILmF2MkmGzD6Y6RHDkt/w4kHFq1/jzb9xkuxBEwsaiq puuruiTAqNrvvtrKyurW9slrbK2zu7e/uVg8MHnRrFuM9Smap2RDWXIuE+CpS8nSlO40jyVjS6mfqtR660SJN7HGc8jOkg EX3BKFopGHUD5E+Y142cdCtVt+bOQJaJV5AqFGh2K19BL2Um5gkySbXueG6GYU4VCib5pBwYzTPKRnTAO5YmNOY6zGc3T8 ipVXqknypbCZKZ+nsip7HW4ziynTHFoV70puJ/Xsdg/zLMRZIZ5AmbL+obSTAl0wBITyjOUI4toUwJeythQ6ooQxtT2Ybg Lb68TPx67arm3Z1XG9dFGiU4hhM4Aw8uoAG30AQfGGTwDK/w5hjnxXl3PuatK04xcwR/4Hz+ANCakbw=</latexit><latexit sha1_base64="y80zB8/a9f+548J45Rd2iPOwtu 8=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8hd0gqLegF48RXBPILmF2MkmGzD6Y6RHDkt/w4kHFq1/jzb9xkuxBEwsaiq puuruiTAqNrvvtrKyurW9slrbK2zu7e/uVg8MHnRrFuM9Smap2RDWXIuE+CpS8nSlO40jyVjS6mfqtR660SJN7HGc8jOkg EX3BKFopGHUD5E+Y142cdCtVt+bOQJaJV5AqFGh2K19BL2Um5gkySbXueG6GYU4VCib5pBwYzTPKRnTAO5YmNOY6zGc3T8 ipVXqknypbCZKZ+nsip7HW4ziynTHFoV70puJ/Xsdg/zLMRZIZ5AmbL+obSTAl0wBITyjOUI4toUwJeythQ6ooQxtT2Ybg Lb68TPx67arm3Z1XG9dFGiU4hhM4Aw8uoAG30AQfGGTwDK/w5hjnxXl3PuatK04xcwR/4Hz+ANCakbw=</latexit>
k2ul
<latexit sha1_base64="y80zB8/a9f+548J45Rd2iPOwtu 8=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8hd0gqLegF48RXBPILmF2MkmGzD6Y6RHDkt/w4kHFq1/jzb9xkuxBEwsaiq puuruiTAqNrvvtrKyurW9slrbK2zu7e/uVg8MHnRrFuM9Smap2RDWXIuE+CpS8nSlO40jyVjS6mfqtR660SJN7HGc8jOkg EX3BKFopGHUD5E+Y142cdCtVt+bOQJaJV5AqFGh2K19BL2Um5gkySbXueG6GYU4VCib5pBwYzTPKRnTAO5YmNOY6zGc3T8 ipVXqknypbCZKZ+nsip7HW4ziynTHFoV70puJ/Xsdg/zLMRZIZ5AmbL+obSTAl0wBITyjOUI4toUwJeythQ6ooQxtT2Ybg Lb68TPx67arm3Z1XG9dFGiU4hhM4Aw8uoAG30AQfGGTwDK/w5hjnxXl3PuatK04xcwR/4Hz+ANCakbw=</latexit><latexit sha1_base64="y80zB8/a9f+548J45Rd2iPOwtu 8=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8hd0gqLegF48RXBPILmF2MkmGzD6Y6RHDkt/w4kHFq1/jzb9xkuxBEwsaiq puuruiTAqNrvvtrKyurW9slrbK2zu7e/uVg8MHnRrFuM9Smap2RDWXIuE+CpS8nSlO40jyVjS6mfqtR660SJN7HGc8jOkg EX3BKFopGHUD5E+Y142cdCtVt+bOQJaJV5AqFGh2K19BL2Um5gkySbXueG6GYU4VCib5pBwYzTPKRnTAO5YmNOY6zGc3T8 ipVXqknypbCZKZ+nsip7HW4ziynTHFoV70puJ/Xsdg/zLMRZIZ5AmbL+obSTAl0wBITyjOUI4toUwJeythQ6ooQxtT2Ybg Lb68TPx67arm3Z1XG9dFGiU4hhM4Aw8uoAG30AQfGGTwDK/w5hjnxXl3PuatK04xcwR/4Hz+ANCakbw=</latexit><latexit sha1_base64="y80zB8/a9f+548J45Rd2iPOwtu 8=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8hd0gqLegF48RXBPILmF2MkmGzD6Y6RHDkt/w4kHFq1/jzb9xkuxBEwsaiq puuruiTAqNrvvtrKyurW9slrbK2zu7e/uVg8MHnRrFuM9Smap2RDWXIuE+CpS8nSlO40jyVjS6mfqtR660SJN7HGc8jOkg EX3BKFopGHUD5E+Y142cdCtVt+bOQJaJV5AqFGh2K19BL2Um5gkySbXueG6GYU4VCib5pBwYzTPKRnTAO5YmNOY6zGc3T8 ipVXqknypbCZKZ+nsip7HW4ziynTHFoV70puJ/Xsdg/zLMRZIZ5AmbL+obSTAl0wBITyjOUI4toUwJeythQ6ooQxtT2Ybg Lb68TPx67arm3Z1XG9dFGiU4hhM4Aw8uoAG30AQfGGTwDK/w5hjnxXl3PuatK04xcwR/4Hz+ANCakbw=</latexit><latexit sha1_base64="y80zB8/a9f+548J45Rd2iPOwtu 8=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8hd0gqLegF48RXBPILmF2MkmGzD6Y6RHDkt/w4kHFq1/jzb9xkuxBEwsaiq puuruiTAqNrvvtrKyurW9slrbK2zu7e/uVg8MHnRrFuM9Smap2RDWXIuE+CpS8nSlO40jyVjS6mfqtR660SJN7HGc8jOkg EX3BKFopGHUD5E+Y142cdCtVt+bOQJaJV5AqFGh2K19BL2Um5gkySbXueG6GYU4VCib5pBwYzTPKRnTAO5YmNOY6zGc3T8 ipVXqknypbCZKZ+nsip7HW4ziynTHFoV70puJ/Xsdg/zLMRZIZ5AmbL+obSTAl0wBITyjOUI4toUwJeythQ6ooQxtT2Ybg Lb68TPx67arm3Z1XG9dFGiU4hhM4Aw8uoAG30AQfGGTwDK/w5hjnxXl3PuatK04xcwR/4Hz+ANCakbw=</latexit>
WH
<latexit sha1_base64="xzTLfx6REoJpF4mNC2ky8ORPeo s=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48V7Ie0oWy2m3bpZhN2J2IJ/RVePCji1Z/jzX/jts1BWx8MPN 6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//ci1EbG6x0nC/YgO lQgFo2ilhx7yJ8za9Wm/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGz+cFTcm aVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZl9TwZCc4ZyYgllWthbCRtRTRnajEo2BG/5 5VXSuqh6btW7u6zUbvI4inACp3AOHlxBDerQgCYwiOAZXuHN0c6L8+58LFoLTj5zDH/gfP4ACfOQjA==</latexit><latexit sha1_base64="xzTLfx6REoJpF4mNC2ky8ORPeo s=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48V7Ie0oWy2m3bpZhN2J2IJ/RVePCji1Z/jzX/jts1BWx8MPN 6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//ci1EbG6x0nC/YgO lQgFo2ilhx7yJ8za9Wm/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGz+cFTcm aVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZl9TwZCc4ZyYgllWthbCRtRTRnajEo2BG/5 5VXSuqh6btW7u6zUbvI4inACp3AOHlxBDerQgCYwiOAZXuHN0c6L8+58LFoLTj5zDH/gfP4ACfOQjA==</latexit><latexit sha1_base64="xzTLfx6REoJpF4mNC2ky8ORPeo s=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48V7Ie0oWy2m3bpZhN2J2IJ/RVePCji1Z/jzX/jts1BWx8MPN 6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//ci1EbG6x0nC/YgO lQgFo2ilhx7yJ8za9Wm/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGz+cFTcm aVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZl9TwZCc4ZyYgllWthbCRtRTRnajEo2BG/5 5VXSuqh6btW7u6zUbvI4inACp3AOHlxBDerQgCYwiOAZXuHN0c6L8+58LFoLTj5zDH/gfP4ACfOQjA==</latexit><latexit sha1_base64="xzTLfx6REoJpF4mNC2ky8ORPeo s=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48V7Ie0oWy2m3bpZhN2J2IJ/RVePCji1Z/jzX/jts1BWx8MPN 6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//ci1EbG6x0nC/YgO lQgFo2ilhx7yJ8za9Wm/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGz+cFTcm aVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZl9TwZCc4ZyYgllWthbCRtRTRnajEo2BG/5 5VXSuqh6btW7u6zUbvI4inACp3AOHlxBDerQgCYwiOAZXuHN0c6L8+58LFoLTj5zDH/gfP4ACfOQjA==</latexit>
BH<latexit sha1_base64="N68cVfpW8pqglK4pl7pr/r9fJv U=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOplx4r2FZpQ9lsN+3SzSbsTsQS+iu8eFDEqz/Hm//GbZuDtj4YeL w3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMb6PqCGS6F4CwVKfp9oTqNA8k4wvpn5nUeujYjVHU4S7kd0 qEQoGEUrPfSQP2FWb0z75Ypbdecgq8TLSQVyNPvlr94gZmnEFTJJjel6boJ+RjUKJvm01EsNTygb0yHvWqpoxI2fzQ+ekj OrDEgYa1sKyVz9PZHRyJhJFNjOiOLILHsz8T+vm2J47WdCJSlyxRaLwlQSjMnsezIQmjOUE0so08LeStiIasrQZlSyIXjL L6+S9kXVc6ve7WWlVs/jKMIJnMI5eHAFNWhAE1rAIIJneIU3RzsvzrvzsWgtOPnMMfyB8/kD6eaQdw==</latexit><latexit sha1_base64="N68cVfpW8pqglK4pl7pr/r9fJv U=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOplx4r2FZpQ9lsN+3SzSbsTsQS+iu8eFDEqz/Hm//GbZuDtj4YeL w3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMb6PqCGS6F4CwVKfp9oTqNA8k4wvpn5nUeujYjVHU4S7kd0 qEQoGEUrPfSQP2FWb0z75Ypbdecgq8TLSQVyNPvlr94gZmnEFTJJjel6boJ+RjUKJvm01EsNTygb0yHvWqpoxI2fzQ+ekj OrDEgYa1sKyVz9PZHRyJhJFNjOiOLILHsz8T+vm2J47WdCJSlyxRaLwlQSjMnsezIQmjOUE0so08LeStiIasrQZlSyIXjL L6+S9kXVc6ve7WWlVs/jKMIJnMI5eHAFNWhAE1rAIIJneIU3RzsvzrvzsWgtOPnMMfyB8/kD6eaQdw==</latexit><latexit sha1_base64="N68cVfpW8pqglK4pl7pr/r9fJv U=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOplx4r2FZpQ9lsN+3SzSbsTsQS+iu8eFDEqz/Hm//GbZuDtj4YeL w3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMb6PqCGS6F4CwVKfp9oTqNA8k4wvpn5nUeujYjVHU4S7kd0 qEQoGEUrPfSQP2FWb0z75Ypbdecgq8TLSQVyNPvlr94gZmnEFTJJjel6boJ+RjUKJvm01EsNTygb0yHvWqpoxI2fzQ+ekj OrDEgYa1sKyVz9PZHRyJhJFNjOiOLILHsz8T+vm2J47WdCJSlyxRaLwlQSjMnsezIQmjOUE0so08LeStiIasrQZlSyIXjL L6+S9kXVc6ve7WWlVs/jKMIJnMI5eHAFNWhAE1rAIIJneIU3RzsvzrvzsWgtOPnMMfyB8/kD6eaQdw==</latexit><latexit sha1_base64="N68cVfpW8pqglK4pl7pr/r9fJv U=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOplx4r2FZpQ9lsN+3SzSbsTsQS+iu8eFDEqz/Hm//GbZuDtj4YeL w3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMb6PqCGS6F4CwVKfp9oTqNA8k4wvpn5nUeujYjVHU4S7kd0 qEQoGEUrPfSQP2FWb0z75Ypbdecgq8TLSQVyNPvlr94gZmnEFTJJjel6boJ+RjUKJvm01EsNTygb0yHvWqpoxI2fzQ+ekj OrDEgYa1sKyVz9PZHRyJhJFNjOiOLILHsz8T+vm2J47WdCJSlyxRaLwlQSjMnsezIQmjOUE0so08LeStiIasrQZlSyIXjL L6+S9kXVc6ve7WWlVs/jKMIJnMI5eHAFNWhAE1rAIIJneIU3RzsvzrvzsWgtOPnMMfyB8/kD6eaQdw==</latexit>
k1u
<latexit sha1_base64="poNfwXmbvgpRNbcpjS89/MbyH/0=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8c K9gPSUDbbSbt0kw27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco0hxZXUuluyAxIkUALBUrophpYHErohOPbmd95BG2ESh5wkkIQs2EiIsEZWskf93sIT5h72bRfrbl1dw66SryC1EiBZr/61RsonsW QIJfMGN9zUwxyplFwCdNKLzOQMj5mQ/AtTVgMJsjnJ0/pmVUGNFLaVoJ0rv6eyFlszCQObWfMcGSWvZn4n+dnGF0HuUjSDCHhi0VRJikqOvufDoQGjnJiCeNa2FspHzHNONqUKjYEb/nlVdK+qHtu3bu/rDVuijjK5IScknPikSvSIHekSVqEE0WeySt 5c9B5cd6dj0VrySlmjskfOJ8/mBaRcQ==</latexit><latexit sha1_base64="poNfwXmbvgpRNbcpjS89/MbyH/0=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8c K9gPSUDbbSbt0kw27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco0hxZXUuluyAxIkUALBUrophpYHErohOPbmd95BG2ESh5wkkIQs2EiIsEZWskf93sIT5h72bRfrbl1dw66SryC1EiBZr/61RsonsW QIJfMGN9zUwxyplFwCdNKLzOQMj5mQ/AtTVgMJsjnJ0/pmVUGNFLaVoJ0rv6eyFlszCQObWfMcGSWvZn4n+dnGF0HuUjSDCHhi0VRJikqOvufDoQGjnJiCeNa2FspHzHNONqUKjYEb/nlVdK+qHtu3bu/rDVuijjK5IScknPikSvSIHekSVqEE0WeySt 5c9B5cd6dj0VrySlmjskfOJ8/mBaRcQ==</latexit><latexit sha1_base64="poNfwXmbvgpRNbcpjS89/MbyH/0=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8c K9gPSUDbbSbt0kw27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco0hxZXUuluyAxIkUALBUrophpYHErohOPbmd95BG2ESh5wkkIQs2EiIsEZWskf93sIT5h72bRfrbl1dw66SryC1EiBZr/61RsonsW QIJfMGN9zUwxyplFwCdNKLzOQMj5mQ/AtTVgMJsjnJ0/pmVUGNFLaVoJ0rv6eyFlszCQObWfMcGSWvZn4n+dnGF0HuUjSDCHhi0VRJikqOvufDoQGjnJiCeNa2FspHzHNONqUKjYEb/nlVdK+qHtu3bu/rDVuijjK5IScknPikSvSIHekSVqEE0WeySt 5c9B5cd6dj0VrySlmjskfOJ8/mBaRcQ==</latexit><latexit sha1_base64="poNfwXmbvgpRNbcpjS89/MbyH/0=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8c K9gPSUDbbSbt0kw27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco0hxZXUuluyAxIkUALBUrophpYHErohOPbmd95BG2ESh5wkkIQs2EiIsEZWskf93sIT5h72bRfrbl1dw66SryC1EiBZr/61RsonsW QIJfMGN9zUwxyplFwCdNKLzOQMj5mQ/AtTVgMJsjnJ0/pmVUGNFLaVoJ0rv6eyFlszCQObWfMcGSWvZn4n+dnGF0HuUjSDCHhi0VRJikqOvufDoQGjnJiCeNa2FspHzHNONqUKjYEb/nlVdK+qHtu3bu/rDVuijjK5IScknPikSvSIHekSVqEE0WeySt 5c9B5cd6dj0VrySlmjskfOJ8/mBaRcQ==</latexit>
k2u
<latexit sha1_base64="0y6kekcnVpUauA+/Hu36MzEvKx s=">AAAB8nicbVBNS8NAEN34WetX1aOXYBE8laQIeix68VjBfkAaymY7aZdudsPuRCyhP8OLB0W8+mu8+W/ctjlo64OBx3 szzMyLUsENet63s7a+sbm1Xdop7+7tHxxWjo7bRmWaQYspoXQ3ogYEl9BCjgK6qQaaRAI60fh25nceQRuu5ANOUggTOpQ8 5oyilYJxv4fwhHk9m/YrVa/mzeGuEr8gVVKg2a989QaKZQlIZIIaE/heimFONXImYFruZQZSysZ0CIGlkiZgwnx+8tQ9t8 rAjZW2JdGdq78ncpoYM0ki25lQHJllbyb+5wUZxtdhzmWaIUi2WBRnwkXlzv53B1wDQzGxhDLN7a0uG1FNGdqUyjYEf/nl VdKu13yv5t9fVhs3RRwlckrOyAXxyRVpkDvSJC3CiCLP5JW8Oei8OO/Ox6J1zSlmTsgfOJ8/mZyRcg==</latexit><latexit sha1_base64="0y6kekcnVpUauA+/Hu36MzEvKx s=">AAAB8nicbVBNS8NAEN34WetX1aOXYBE8laQIeix68VjBfkAaymY7aZdudsPuRCyhP8OLB0W8+mu8+W/ctjlo64OBx3 szzMyLUsENet63s7a+sbm1Xdop7+7tHxxWjo7bRmWaQYspoXQ3ogYEl9BCjgK6qQaaRAI60fh25nceQRuu5ANOUggTOpQ8 5oyilYJxv4fwhHk9m/YrVa/mzeGuEr8gVVKg2a989QaKZQlIZIIaE/heimFONXImYFruZQZSysZ0CIGlkiZgwnx+8tQ9t8 rAjZW2JdGdq78ncpoYM0ki25lQHJllbyb+5wUZxtdhzmWaIUi2WBRnwkXlzv53B1wDQzGxhDLN7a0uG1FNGdqUyjYEf/nl VdKu13yv5t9fVhs3RRwlckrOyAXxyRVpkDvSJC3CiCLP5JW8Oei8OO/Ox6J1zSlmTsgfOJ8/mZyRcg==</latexit><latexit sha1_base64="0y6kekcnVpUauA+/Hu36MzEvKx s=">AAAB8nicbVBNS8NAEN34WetX1aOXYBE8laQIeix68VjBfkAaymY7aZdudsPuRCyhP8OLB0W8+mu8+W/ctjlo64OBx3 szzMyLUsENet63s7a+sbm1Xdop7+7tHxxWjo7bRmWaQYspoXQ3ogYEl9BCjgK6qQaaRAI60fh25nceQRuu5ANOUggTOpQ8 5oyilYJxv4fwhHk9m/YrVa/mzeGuEr8gVVKg2a989QaKZQlIZIIaE/heimFONXImYFruZQZSysZ0CIGlkiZgwnx+8tQ9t8 rAjZW2JdGdq78ncpoYM0ki25lQHJllbyb+5wUZxtdhzmWaIUi2WBRnwkXlzv53B1wDQzGxhDLN7a0uG1FNGdqUyjYEf/nl VdKu13yv5t9fVhs3RRwlckrOyAXxyRVpkDvSJC3CiCLP5JW8Oei8OO/Ox6J1zSlmTsgfOJ8/mZyRcg==</latexit><latexit sha1_base64="0y6kekcnVpUauA+/Hu36MzEvKx s=">AAAB8nicbVBNS8NAEN34WetX1aOXYBE8laQIeix68VjBfkAaymY7aZdudsPuRCyhP8OLB0W8+mu8+W/ctjlo64OBx3 szzMyLUsENet63s7a+sbm1Xdop7+7tHxxWjo7bRmWaQYspoXQ3ogYEl9BCjgK6qQaaRAI60fh25nceQRuu5ANOUggTOpQ8 5oyilYJxv4fwhHk9m/YrVa/mzeGuEr8gVVKg2a989QaKZQlIZIIaE/heimFONXImYFruZQZSysZ0CIGlkiZgwnx+8tQ9t8 rAjZW2JdGdq78ncpoYM0ki25lQHJllbyb+5wUZxtdhzmWaIUi2WBRnwkXlzv53B1wDQzGxhDLN7a0uG1FNGdqUyjYEf/nl VdKu13yv5t9fVhs3RRwlckrOyAXxyRVpkDvSJC3CiCLP5JW8Oei8OO/Ox6J1zSlmTsgfOJ8/mZyRcg==</latexit>
k1u
<latexit sha1_base64="poNfwXmbvgpRNbcpjS89/MbyH/0=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8c K9gPSUDbbSbt0kw27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco0hxZXUuluyAxIkUALBUrophpYHErohOPbmd95BG2ESh5wkkIQs2EiIsEZWskf93sIT5h72bRfrbl1dw66SryC1EiBZr/61RsonsW QIJfMGN9zUwxyplFwCdNKLzOQMj5mQ/AtTVgMJsjnJ0/pmVUGNFLaVoJ0rv6eyFlszCQObWfMcGSWvZn4n+dnGF0HuUjSDCHhi0VRJikqOvufDoQGjnJiCeNa2FspHzHNONqUKjYEb/nlVdK+qHtu3bu/rDVuijjK5IScknPikSvSIHekSVqEE0WeySt 5c9B5cd6dj0VrySlmjskfOJ8/mBaRcQ==</latexit><latexit sha1_base64="poNfwXmbvgpRNbcpjS89/MbyH/0=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8c K9gPSUDbbSbt0kw27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco0hxZXUuluyAxIkUALBUrophpYHErohOPbmd95BG2ESh5wkkIQs2EiIsEZWskf93sIT5h72bRfrbl1dw66SryC1EiBZr/61RsonsW QIJfMGN9zUwxyplFwCdNKLzOQMj5mQ/AtTVgMJsjnJ0/pmVUGNFLaVoJ0rv6eyFlszCQObWfMcGSWvZn4n+dnGF0HuUjSDCHhi0VRJikqOvufDoQGjnJiCeNa2FspHzHNONqUKjYEb/nlVdK+qHtu3bu/rDVuijjK5IScknPikSvSIHekSVqEE0WeySt 5c9B5cd6dj0VrySlmjskfOJ8/mBaRcQ==</latexit><latexit sha1_base64="poNfwXmbvgpRNbcpjS89/MbyH/0=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8c K9gPSUDbbSbt0kw27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco0hxZXUuluyAxIkUALBUrophpYHErohOPbmd95BG2ESh5wkkIQs2EiIsEZWskf93sIT5h72bRfrbl1dw66SryC1EiBZr/61RsonsW QIJfMGN9zUwxyplFwCdNKLzOQMj5mQ/AtTVgMJsjnJ0/pmVUGNFLaVoJ0rv6eyFlszCQObWfMcGSWvZn4n+dnGF0HuUjSDCHhi0VRJikqOvufDoQGjnJiCeNa2FspHzHNONqUKjYEb/nlVdK+qHtu3bu/rDVuijjK5IScknPikSvSIHekSVqEE0WeySt 5c9B5cd6dj0VrySlmjskfOJ8/mBaRcQ==</latexit><latexit sha1_base64="poNfwXmbvgpRNbcpjS89/MbyH/0=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8c K9gPSUDbbSbt0kw27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco0hxZXUuluyAxIkUALBUrophpYHErohOPbmd95BG2ESh5wkkIQs2EiIsEZWskf93sIT5h72bRfrbl1dw66SryC1EiBZr/61RsonsW QIJfMGN9zUwxyplFwCdNKLzOQMj5mQ/AtTVgMJsjnJ0/pmVUGNFLaVoJ0rv6eyFlszCQObWfMcGSWvZn4n+dnGF0HuUjSDCHhi0VRJikqOvufDoQGjnJiCeNa2FspHzHNONqUKjYEb/nlVdK+qHtu3bu/rDVuijjK5IScknPikSvSIHekSVqEE0WeySt 5c9B5cd6dj0VrySlmjskfOJ8/mBaRcQ==</latexit>
k2u
<latexit sha1_base64="0y6kekcnVpUauA+/Hu36MzEvKx s=">AAAB8nicbVBNS8NAEN34WetX1aOXYBE8laQIeix68VjBfkAaymY7aZdudsPuRCyhP8OLB0W8+mu8+W/ctjlo64OBx3 szzMyLUsENet63s7a+sbm1Xdop7+7tHxxWjo7bRmWaQYspoXQ3ogYEl9BCjgK6qQaaRAI60fh25nceQRuu5ANOUggTOpQ8 5oyilYJxv4fwhHk9m/YrVa/mzeGuEr8gVVKg2a989QaKZQlIZIIaE/heimFONXImYFruZQZSysZ0CIGlkiZgwnx+8tQ9t8 rAjZW2JdGdq78ncpoYM0ki25lQHJllbyb+5wUZxtdhzmWaIUi2WBRnwkXlzv53B1wDQzGxhDLN7a0uG1FNGdqUyjYEf/nl VdKu13yv5t9fVhs3RRwlckrOyAXxyRVpkDvSJC3CiCLP5JW8Oei8OO/Ox6J1zSlmTsgfOJ8/mZyRcg==</latexit><latexit sha1_base64="0y6kekcnVpUauA+/Hu36MzEvKx s=">AAAB8nicbVBNS8NAEN34WetX1aOXYBE8laQIeix68VjBfkAaymY7aZdudsPuRCyhP8OLB0W8+mu8+W/ctjlo64OBx3 szzMyLUsENet63s7a+sbm1Xdop7+7tHxxWjo7bRmWaQYspoXQ3ogYEl9BCjgK6qQaaRAI60fh25nceQRuu5ANOUggTOpQ8 5oyilYJxv4fwhHk9m/YrVa/mzeGuEr8gVVKg2a989QaKZQlIZIIaE/heimFONXImYFruZQZSysZ0CIGlkiZgwnx+8tQ9t8 rAjZW2JdGdq78ncpoYM0ki25lQHJllbyb+5wUZxtdhzmWaIUi2WBRnwkXlzv53B1wDQzGxhDLN7a0uG1FNGdqUyjYEf/nl VdKu13yv5t9fVhs3RRwlckrOyAXxyRVpkDvSJC3CiCLP5JW8Oei8OO/Ox6J1zSlmTsgfOJ8/mZyRcg==</latexit><latexit sha1_base64="0y6kekcnVpUauA+/Hu36MzEvKx s=">AAAB8nicbVBNS8NAEN34WetX1aOXYBE8laQIeix68VjBfkAaymY7aZdudsPuRCyhP8OLB0W8+mu8+W/ctjlo64OBx3 szzMyLUsENet63s7a+sbm1Xdop7+7tHxxWjo7bRmWaQYspoXQ3ogYEl9BCjgK6qQaaRAI60fh25nceQRuu5ANOUggTOpQ8 5oyilYJxv4fwhHk9m/YrVa/mzeGuEr8gVVKg2a989QaKZQlIZIIaE/heimFONXImYFruZQZSysZ0CIGlkiZgwnx+8tQ9t8 rAjZW2JdGdq78ncpoYM0ki25lQHJllbyb+5wUZxtdhzmWaIUi2WBRnwkXlzv53B1wDQzGxhDLN7a0uG1FNGdqUyjYEf/nl VdKu13yv5t9fVhs3RRwlckrOyAXxyRVpkDvSJC3CiCLP5JW8Oei8OO/Ox6J1zSlmTsgfOJ8/mZyRcg==</latexit><latexit sha1_base64="0y6kekcnVpUauA+/Hu36MzEvKx s=">AAAB8nicbVBNS8NAEN34WetX1aOXYBE8laQIeix68VjBfkAaymY7aZdudsPuRCyhP8OLB0W8+mu8+W/ctjlo64OBx3 szzMyLUsENet63s7a+sbm1Xdop7+7tHxxWjo7bRmWaQYspoXQ3ogYEl9BCjgK6qQaaRAI60fh25nceQRuu5ANOUggTOpQ8 5oyilYJxv4fwhHk9m/YrVa/mzeGuEr8gVVKg2a989QaKZQlIZIIaE/heimFONXImYFruZQZSysZ0CIGlkiZgwnx+8tQ9t8 rAjZW2JdGdq78ncpoYM0ki25lQHJllbyb+5wUZxtdhzmWaIUi2WBRnwkXlzv53B1wDQzGxhDLN7a0uG1FNGdqUyjYEf/nl VdKu13yv5t9fVhs3RRwlckrOyAXxyRVpkDvSJC3CiCLP5JW8Oei8OO/Ox6J1zSlmTsgfOJ8/mZyRcg==</latexit>
(a)
<latexit sha1_base64="OgmmF/uTRgUZiC88x4RBtPBzJJ E=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWtB/QhjLZbtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8H hvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epoqxJYxGrToCaCS5Z03AjWCdRDKNAsHYwvp357SemNI/lo5kkzI9w KHnIKRorPVTxvF+uuDV3DrJKvJxUIEejX/7qDWKaRkwaKlDrrucmxs9QGU4Fm5Z6qWYJ0jEOWddSiRHTfjY/dUrOrDIgYa xsSUPm6u+JDCOtJ1FgOyM0I73szcT/vG5qwms/4zJJDZN0sShMBTExmf1NBlwxasTEEqSK21sJHaFCamw6JRuCt/zyKmld 1Dy35t1fVuo3eRxFOIFTqIIHV1CHO2hAEygM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gCIq41K</latexit><latexit sha1_base64="OgmmF/uTRgUZiC88x4RBtPBzJJ E=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWtB/QhjLZbtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8H hvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epoqxJYxGrToCaCS5Z03AjWCdRDKNAsHYwvp357SemNI/lo5kkzI9w KHnIKRorPVTxvF+uuDV3DrJKvJxUIEejX/7qDWKaRkwaKlDrrucmxs9QGU4Fm5Z6qWYJ0jEOWddSiRHTfjY/dUrOrDIgYa xsSUPm6u+JDCOtJ1FgOyM0I73szcT/vG5qwms/4zJJDZN0sShMBTExmf1NBlwxasTEEqSK21sJHaFCamw6JRuCt/zyKmld 1Dy35t1fVuo3eRxFOIFTqIIHV1CHO2hAEygM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gCIq41K</latexit><latexit sha1_base64="OgmmF/uTRgUZiC88x4RBtPBzJJ E=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWtB/QhjLZbtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8H hvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epoqxJYxGrToCaCS5Z03AjWCdRDKNAsHYwvp357SemNI/lo5kkzI9w KHnIKRorPVTxvF+uuDV3DrJKvJxUIEejX/7qDWKaRkwaKlDrrucmxs9QGU4Fm5Z6qWYJ0jEOWddSiRHTfjY/dUrOrDIgYa xsSUPm6u+JDCOtJ1FgOyM0I73szcT/vG5qwms/4zJJDZN0sShMBTExmf1NBlwxasTEEqSK21sJHaFCamw6JRuCt/zyKmld 1Dy35t1fVuo3eRxFOIFTqIIHV1CHO2hAEygM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gCIq41K</latexit><latexit sha1_base64="OgmmF/uTRgUZiC88x4RBtPBzJJ E=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWtB/QhjLZbtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8H hvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epoqxJYxGrToCaCS5Z03AjWCdRDKNAsHYwvp357SemNI/lo5kkzI9w KHnIKRorPVTxvF+uuDV3DrJKvJxUIEejX/7qDWKaRkwaKlDrrucmxs9QGU4Fm5Z6qWYJ0jEOWddSiRHTfjY/dUrOrDIgYa xsSUPm6u+JDCOtJ1FgOyM0I73szcT/vG5qwms/4zJJDZN0sShMBTExmf1NBlwxasTEEqSK21sJHaFCamw6JRuCt/zyKmld 1Dy35t1fVuo3eRxFOIFTqIIHV1CHO2hAEygM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gCIq41K</latexit>
IIIIII
v1 v2
flow
v1
k2ur
<latexit sha1_base64="rA0Xy7GNNeF3+yxKVXOVadS9Ip8=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8hd0gqLegF48 RXBPILmF2MkmGzD6Y6RHDkt/w4kHFq1/jzb9xkuxBEwsaiqpuuruiTAqNrvvtrKyurW9slrbK2zu7e/uVg8MHnRrFuM9Smap2RDWXIuE+CpS8nSlO40jyVjS6mfqtR660SJN7HGc8jOkgEX3BKFopGHUD5E+Y142adCtVt+bOQJaJV5AqFGh2K19BL2U m5gkySbXueG6GYU4VCib5pBwYzTPKRnTAO5YmNOY6zGc3T8ipVXqknypbCZKZ+nsip7HW4ziynTHFoV70puJ/Xsdg/zLMRZIZ5AmbL+obSTAl0wBITyjOUI4toUwJeythQ6ooQxtT2YbgLb68TPx67arm3Z1XG9dFGiU4hhM4Aw8uoAG30AQfGGTwDK/ w5hjnxXl3PuatK04xcwR/4Hz+ANmykcI=</latexit><latexit sha1_base64="rA0Xy7GNNeF3+yxKVXOVadS9Ip8=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8hd0gqLegF48 RXBPILmF2MkmGzD6Y6RHDkt/w4kHFq1/jzb9xkuxBEwsaiqpuuruiTAqNrvvtrKyurW9slrbK2zu7e/uVg8MHnRrFuM9Smap2RDWXIuE+CpS8nSlO40jyVjS6mfqtR660SJN7HGc8jOkgEX3BKFopGHUD5E+Y142adCtVt+bOQJaJV5AqFGh2K19BL2U m5gkySbXueG6GYU4VCib5pBwYzTPKRnTAO5YmNOY6zGc3T8ipVXqknypbCZKZ+nsip7HW4ziynTHFoV70puJ/Xsdg/zLMRZIZ5AmbL+obSTAl0wBITyjOUI4toUwJeythQ6ooQxtT2YbgLb68TPx67arm3Z1XG9dFGiU4hhM4Aw8uoAG30AQfGGTwDK/ w5hjnxXl3PuatK04xcwR/4Hz+ANmykcI=</latexit><latexit sha1_base64="rA0Xy7GNNeF3+yxKVXOVadS9Ip8=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8hd0gqLegF48 RXBPILmF2MkmGzD6Y6RHDkt/w4kHFq1/jzb9xkuxBEwsaiqpuuruiTAqNrvvtrKyurW9slrbK2zu7e/uVg8MHnRrFuM9Smap2RDWXIuE+CpS8nSlO40jyVjS6mfqtR660SJN7HGc8jOkgEX3BKFopGHUD5E+Y142adCtVt+bOQJaJV5AqFGh2K19BL2U m5gkySbXueG6GYU4VCib5pBwYzTPKRnTAO5YmNOY6zGc3T8ipVXqknypbCZKZ+nsip7HW4ziynTHFoV70puJ/Xsdg/zLMRZIZ5AmbL+obSTAl0wBITyjOUI4toUwJeythQ6ooQxtT2YbgLb68TPx67arm3Z1XG9dFGiU4hhM4Aw8uoAG30AQfGGTwDK/ w5hjnxXl3PuatK04xcwR/4Hz+ANmykcI=</latexit><latexit sha1_base64="rA0Xy7GNNeF3+yxKVXOVadS9Ip8=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8hd0gqLegF48 RXBPILmF2MkmGzD6Y6RHDkt/w4kHFq1/jzb9xkuxBEwsaiqpuuruiTAqNrvvtrKyurW9slrbK2zu7e/uVg8MHnRrFuM9Smap2RDWXIuE+CpS8nSlO40jyVjS6mfqtR660SJN7HGc8jOkgEX3BKFopGHUD5E+Y142adCtVt+bOQJaJV5AqFGh2K19BL2U m5gkySbXueG6GYU4VCib5pBwYzTPKRnTAO5YmNOY6zGc3T8ipVXqknypbCZKZ+nsip7HW4ziynTHFoV70puJ/Xsdg/zLMRZIZ5AmbL+obSTAl0wBITyjOUI4toUwJeythQ6ooQxtT2YbgLb68TPx67arm3Z1XG9dFGiU4hhM4Aw8uoAG30AQfGGTwDK/ w5hjnxXl3PuatK04xcwR/4Hz+ANmykcI=</latexit>
k2ul
<latexit sha1_base64="y80zB8/a9f+548J45Rd2iPOwtu8=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8hd0gqLegF48 RXBPILmF2MkmGzD6Y6RHDkt/w4kHFq1/jzb9xkuxBEwsaiqpuuruiTAqNrvvtrKyurW9slrbK2zu7e/uVg8MHnRrFuM9Smap2RDWXIuE+CpS8nSlO40jyVjS6mfqtR660SJN7HGc8jOkgEX3BKFopGHUD5E+Y142cdCtVt+bOQJaJV5AqFGh2K19BL2U m5gkySbXueG6GYU4VCib5pBwYzTPKRnTAO5YmNOY6zGc3T8ipVXqknypbCZKZ+nsip7HW4ziynTHFoV70puJ/Xsdg/zLMRZIZ5AmbL+obSTAl0wBITyjOUI4toUwJeythQ6ooQxtT2YbgLb68TPx67arm3Z1XG9dFGiU4hhM4Aw8uoAG30AQfGGTwDK/ w5hjnxXl3PuatK04xcwR/4Hz+ANCakbw=</latexit><latexit sha1_base64="y80zB8/a9f+548J45Rd2iPOwtu8=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8hd0gqLegF48 RXBPILmF2MkmGzD6Y6RHDkt/w4kHFq1/jzb9xkuxBEwsaiqpuuruiTAqNrvvtrKyurW9slrbK2zu7e/uVg8MHnRrFuM9Smap2RDWXIuE+CpS8nSlO40jyVjS6mfqtR660SJN7HGc8jOkgEX3BKFopGHUD5E+Y142cdCtVt+bOQJaJV5AqFGh2K19BL2U m5gkySbXueG6GYU4VCib5pBwYzTPKRnTAO5YmNOY6zGc3T8ipVXqknypbCZKZ+nsip7HW4ziynTHFoV70puJ/Xsdg/zLMRZIZ5AmbL+obSTAl0wBITyjOUI4toUwJeythQ6ooQxtT2YbgLb68TPx67arm3Z1XG9dFGiU4hhM4Aw8uoAG30AQfGGTwDK/ w5hjnxXl3PuatK04xcwR/4Hz+ANCakbw=</latexit><latexit sha1_base64="y80zB8/a9f+548J45Rd2iPOwtu8=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8hd0gqLegF48 RXBPILmF2MkmGzD6Y6RHDkt/w4kHFq1/jzb9xkuxBEwsaiqpuuruiTAqNrvvtrKyurW9slrbK2zu7e/uVg8MHnRrFuM9Smap2RDWXIuE+CpS8nSlO40jyVjS6mfqtR660SJN7HGc8jOkgEX3BKFopGHUD5E+Y142cdCtVt+bOQJaJV5AqFGh2K19BL2U m5gkySbXueG6GYU4VCib5pBwYzTPKRnTAO5YmNOY6zGc3T8ipVXqknypbCZKZ+nsip7HW4ziynTHFoV70puJ/Xsdg/zLMRZIZ5AmbL+obSTAl0wBITyjOUI4toUwJeythQ6ooQxtT2YbgLb68TPx67arm3Z1XG9dFGiU4hhM4Aw8uoAG30AQfGGTwDK/ w5hjnxXl3PuatK04xcwR/4Hz+ANCakbw=</latexit><latexit sha1_base64="y80zB8/a9f+548J45Rd2iPOwtu8=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8hd0gqLegF48 RXBPILmF2MkmGzD6Y6RHDkt/w4kHFq1/jzb9xkuxBEwsaiqpuuruiTAqNrvvtrKyurW9slrbK2zu7e/uVg8MHnRrFuM9Smap2RDWXIuE+CpS8nSlO40jyVjS6mfqtR660SJN7HGc8jOkgEX3BKFopGHUD5E+Y142cdCtVt+bOQJaJV5AqFGh2K19BL2U m5gkySbXueG6GYU4VCib5pBwYzTPKRnTAO5YmNOY6zGc3T8ipVXqknypbCZKZ+nsip7HW4ziynTHFoV70puJ/Xsdg/zLMRZIZ5AmbL+obSTAl0wBITyjOUI4toUwJeythQ6ooQxtT2YbgLb68TPx67arm3Z1XG9dFGiU4hhM4Aw8uoAG30AQfGGTwDK/ w5hjnxXl3PuatK04xcwR/4Hz+ANCakbw=</latexit>
k2ur
<latexit sha1_base64="rA0Xy7GNNeF3+yxKVXOVadS9Ip8=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8hd0gqLegF48 RXBPILmF2MkmGzD6Y6RHDkt/w4kHFq1/jzb9xkuxBEwsaiqpuuruiTAqNrvvtrKyurW9slrbK2zu7e/uVg8MHnRrFuM9Smap2RDWXIuE+CpS8nSlO40jyVjS6mfqtR660SJN7HGc8jOkgEX3BKFopGHUD5E+Y142adCtVt+bOQJaJV5AqFGh2K19BL2U m5gkySbXueG6GYU4VCib5pBwYzTPKRnTAO5YmNOY6zGc3T8ipVXqknypbCZKZ+nsip7HW4ziynTHFoV70puJ/Xsdg/zLMRZIZ5AmbL+obSTAl0wBITyjOUI4toUwJeythQ6ooQxtT2YbgLb68TPx67arm3Z1XG9dFGiU4hhM4Aw8uoAG30AQfGGTwDK/ w5hjnxXl3PuatK04xcwR/4Hz+ANmykcI=</latexit><latexit sha1_base64="rA0Xy7GNNeF3+yxKVXOVadS9Ip8=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8hd0gqLegF48 RXBPILmF2MkmGzD6Y6RHDkt/w4kHFq1/jzb9xkuxBEwsaiqpuuruiTAqNrvvtrKyurW9slrbK2zu7e/uVg8MHnRrFuM9Smap2RDWXIuE+CpS8nSlO40jyVjS6mfqtR660SJN7HGc8jOkgEX3BKFopGHUD5E+Y142adCtVt+bOQJaJV5AqFGh2K19BL2U m5gkySbXueG6GYU4VCib5pBwYzTPKRnTAO5YmNOY6zGc3T8ipVXqknypbCZKZ+nsip7HW4ziynTHFoV70puJ/Xsdg/zLMRZIZ5AmbL+obSTAl0wBITyjOUI4toUwJeythQ6ooQxtT2YbgLb68TPx67arm3Z1XG9dFGiU4hhM4Aw8uoAG30AQfGGTwDK/ w5hjnxXl3PuatK04xcwR/4Hz+ANmykcI=</latexit><latexit sha1_base64="rA0Xy7GNNeF3+yxKVXOVadS9Ip8=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8hd0gqLegF48 RXBPILmF2MkmGzD6Y6RHDkt/w4kHFq1/jzb9xkuxBEwsaiqpuuruiTAqNrvvtrKyurW9slrbK2zu7e/uVg8MHnRrFuM9Smap2RDWXIuE+CpS8nSlO40jyVjS6mfqtR660SJN7HGc8jOkgEX3BKFopGHUD5E+Y142adCtVt+bOQJaJV5AqFGh2K19BL2U m5gkySbXueG6GYU4VCib5pBwYzTPKRnTAO5YmNOY6zGc3T8ipVXqknypbCZKZ+nsip7HW4ziynTHFoV70puJ/Xsdg/zLMRZIZ5AmbL+obSTAl0wBITyjOUI4toUwJeythQ6ooQxtT2YbgLb68TPx67arm3Z1XG9dFGiU4hhM4Aw8uoAG30AQfGGTwDK/ w5hjnxXl3PuatK04xcwR/4Hz+ANmykcI=</latexit><latexit sha1_base64="rA0Xy7GNNeF3+yxKVXOVadS9Ip8=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8hd0gqLegF48 RXBPILmF2MkmGzD6Y6RHDkt/w4kHFq1/jzb9xkuxBEwsaiqpuuruiTAqNrvvtrKyurW9slrbK2zu7e/uVg8MHnRrFuM9Smap2RDWXIuE+CpS8nSlO40jyVjS6mfqtR660SJN7HGc8jOkgEX3BKFopGHUD5E+Y142adCtVt+bOQJaJV5AqFGh2K19BL2U m5gkySbXueG6GYU4VCib5pBwYzTPKRnTAO5YmNOY6zGc3T8ipVXqknypbCZKZ+nsip7HW4ziynTHFoV70puJ/Xsdg/zLMRZIZ5AmbL+obSTAl0wBITyjOUI4toUwJeythQ6ooQxtT2YbgLb68TPx67arm3Z1XG9dFGiU4hhM4Aw8uoAG30AQfGGTwDK/ w5hjnxXl3PuatK04xcwR/4Hz+ANmykcI=</latexit>
k2ul
<latexit sha1_base64="y80zB8/a9f+548J45Rd2iPOwtu8=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8hd0gqLegF48 RXBPILmF2MkmGzD6Y6RHDkt/w4kHFq1/jzb9xkuxBEwsaiqpuuruiTAqNrvvtrKyurW9slrbK2zu7e/uVg8MHnRrFuM9Smap2RDWXIuE+CpS8nSlO40jyVjS6mfqtR660SJN7HGc8jOkgEX3BKFopGHUD5E+Y142cdCtVt+bOQJaJV5AqFGh2K19BL2U m5gkySbXueG6GYU4VCib5pBwYzTPKRnTAO5YmNOY6zGc3T8ipVXqknypbCZKZ+nsip7HW4ziynTHFoV70puJ/Xsdg/zLMRZIZ5AmbL+obSTAl0wBITyjOUI4toUwJeythQ6ooQxtT2YbgLb68TPx67arm3Z1XG9dFGiU4hhM4Aw8uoAG30AQfGGTwDK/ w5hjnxXl3PuatK04xcwR/4Hz+ANCakbw=</latexit><latexit sha1_base64="y80zB8/a9f+548J45Rd2iPOwtu8=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8hd0gqLegF48 RXBPILmF2MkmGzD6Y6RHDkt/w4kHFq1/jzb9xkuxBEwsaiqpuuruiTAqNrvvtrKyurW9slrbK2zu7e/uVg8MHnRrFuM9Smap2RDWXIuE+CpS8nSlO40jyVjS6mfqtR660SJN7HGc8jOkgEX3BKFopGHUD5E+Y142cdCtVt+bOQJaJV5AqFGh2K19BL2U m5gkySbXueG6GYU4VCib5pBwYzTPKRnTAO5YmNOY6zGc3T8ipVXqknypbCZKZ+nsip7HW4ziynTHFoV70puJ/Xsdg/zLMRZIZ5AmbL+obSTAl0wBITyjOUI4toUwJeythQ6ooQxtT2YbgLb68TPx67arm3Z1XG9dFGiU4hhM4Aw8uoAG30AQfGGTwDK/ w5hjnxXl3PuatK04xcwR/4Hz+ANCakbw=</latexit><latexit sha1_base64="y80zB8/a9f+548J45Rd2iPOwtu8=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8hd0gqLegF48 RXBPILmF2MkmGzD6Y6RHDkt/w4kHFq1/jzb9xkuxBEwsaiqpuuruiTAqNrvvtrKyurW9slrbK2zu7e/uVg8MHnRrFuM9Smap2RDWXIuE+CpS8nSlO40jyVjS6mfqtR660SJN7HGc8jOkgEX3BKFopGHUD5E+Y142cdCtVt+bOQJaJV5AqFGh2K19BL2U m5gkySbXueG6GYU4VCib5pBwYzTPKRnTAO5YmNOY6zGc3T8ipVXqknypbCZKZ+nsip7HW4ziynTHFoV70puJ/Xsdg/zLMRZIZ5AmbL+obSTAl0wBITyjOUI4toUwJeythQ6ooQxtT2YbgLb68TPx67arm3Z1XG9dFGiU4hhM4Aw8uoAG30AQfGGTwDK/ w5hjnxXl3PuatK04xcwR/4Hz+ANCakbw=</latexit><latexit sha1_base64="y80zB8/a9f+548J45Rd2iPOwtu8=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8hd0gqLegF48 RXBPILmF2MkmGzD6Y6RHDkt/w4kHFq1/jzb9xkuxBEwsaiqpuuruiTAqNrvvtrKyurW9slrbK2zu7e/uVg8MHnRrFuM9Smap2RDWXIuE+CpS8nSlO40jyVjS6mfqtR660SJN7HGc8jOkgEX3BKFopGHUD5E+Y142cdCtVt+bOQJaJV5AqFGh2K19BL2U m5gkySbXueG6GYU4VCib5pBwYzTPKRnTAO5YmNOY6zGc3T8ipVXqknypbCZKZ+nsip7HW4ziynTHFoV70puJ/Xsdg/zLMRZIZ5AmbL+obSTAl0wBITyjOUI4toUwJeythQ6ooQxtT2YbgLb68TPx67arm3Z1XG9dFGiU4hhM4Aw8uoAG30AQfGGTwDK/ w5hjnxXl3PuatK04xcwR/4Hz+ANCakbw=</latexit>
k2ul
<latexit sha1_base64="y80zB8/a9f+548J45Rd2iPOwtu8=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8hd0gqLegF48 RXBPILmF2MkmGzD6Y6RHDkt/w4kHFq1/jzb9xkuxBEwsaiqpuuruiTAqNrvvtrKyurW9slrbK2zu7e/uVg8MHnRrFuM9Smap2RDWXIuE+CpS8nSlO40jyVjS6mfqtR660SJN7HGc8jOkgEX3BKFopGHUD5E+Y142cdCtVt+bOQJaJV5AqFGh2K19BL2U m5gkySbXueG6GYU4VCib5pBwYzTPKRnTAO5YmNOY6zGc3T8ipVXqknypbCZKZ+nsip7HW4ziynTHFoV70puJ/Xsdg/zLMRZIZ5AmbL+obSTAl0wBITyjOUI4toUwJeythQ6ooQxtT2YbgLb68TPx67arm3Z1XG9dFGiU4hhM4Aw8uoAG30AQfGGTwDK/ w5hjnxXl3PuatK04xcwR/4Hz+ANCakbw=</latexit><latexit sha1_base64="y80zB8/a9f+548J45Rd2iPOwtu8=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8hd0gqLegF48 RXBPILmF2MkmGzD6Y6RHDkt/w4kHFq1/jzb9xkuxBEwsaiqpuuruiTAqNrvvtrKyurW9slrbK2zu7e/uVg8MHnRrFuM9Smap2RDWXIuE+CpS8nSlO40jyVjS6mfqtR660SJN7HGc8jOkgEX3BKFopGHUD5E+Y142cdCtVt+bOQJaJV5AqFGh2K19BL2U m5gkySbXueG6GYU4VCib5pBwYzTPKRnTAO5YmNOY6zGc3T8ipVXqknypbCZKZ+nsip7HW4ziynTHFoV70puJ/Xsdg/zLMRZIZ5AmbL+obSTAl0wBITyjOUI4toUwJeythQ6ooQxtT2YbgLb68TPx67arm3Z1XG9dFGiU4hhM4Aw8uoAG30AQfGGTwDK/ w5hjnxXl3PuatK04xcwR/4Hz+ANCakbw=</latexit><latexit sha1_base64="y80zB8/a9f+548J45Rd2iPOwtu8=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8hd0gqLegF48 RXBPILmF2MkmGzD6Y6RHDkt/w4kHFq1/jzb9xkuxBEwsaiqpuuruiTAqNrvvtrKyurW9slrbK2zu7e/uVg8MHnRrFuM9Smap2RDWXIuE+CpS8nSlO40jyVjS6mfqtR660SJN7HGc8jOkgEX3BKFopGHUD5E+Y142cdCtVt+bOQJaJV5AqFGh2K19BL2U m5gkySbXueG6GYU4VCib5pBwYzTPKRnTAO5YmNOY6zGc3T8ipVXqknypbCZKZ+nsip7HW4ziynTHFoV70puJ/Xsdg/zLMRZIZ5AmbL+obSTAl0wBITyjOUI4toUwJeythQ6ooQxtT2YbgLb68TPx67arm3Z1XG9dFGiU4hhM4Aw8uoAG30AQfGGTwDK/ w5hjnxXl3PuatK04xcwR/4Hz+ANCakbw=</latexit><latexit sha1_base64="y80zB8/a9f+548J45Rd2iPOwtu8=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8hd0gqLegF48 RXBPILmF2MkmGzD6Y6RHDkt/w4kHFq1/jzb9xkuxBEwsaiqpuuruiTAqNrvvtrKyurW9slrbK2zu7e/uVg8MHnRrFuM9Smap2RDWXIuE+CpS8nSlO40jyVjS6mfqtR660SJN7HGc8jOkgEX3BKFopGHUD5E+Y142cdCtVt+bOQJaJV5AqFGh2K19BL2U m5gkySbXueG6GYU4VCib5pBwYzTPKRnTAO5YmNOY6zGc3T8ipVXqknypbCZKZ+nsip7HW4ziynTHFoV70puJ/Xsdg/zLMRZIZ5AmbL+obSTAl0wBITyjOUI4toUwJeythQ6ooQxtT2YbgLb68TPx67arm3Z1XG9dFGiU4hhM4Aw8uoAG30AQfGGTwDK/ w5hjnxXl3PuatK04xcwR/4Hz+ANCakbw=</latexit>
WH
<latexit sha1_base64="xzTLfx6REoJpF4mNC2ky8ORPeos=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48 V7Ie0oWy2m3bpZhN2J2IJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//ci1EbG6x0nC/YgOlQgFo2ilhx7yJ8za9Wm/XHGr7hxklXg5qUCORr/81RvELI2 4QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGz+cFTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZl9TwZCc4ZyYgllWthbCRtRTRnajEo2BG/55VXSuqh6btW7u6zUbvI4inACp3AOHlxBDerQgCYwiOAZXuH N0c6L8+58LFoLTj5zDH/gfP4ACfOQjA==</latexit><latexit sha1_base64="xzTLfx6REoJpF4mNC2ky8ORPeos=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48 V7Ie0oWy2m3bpZhN2J2IJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//ci1EbG6x0nC/YgOlQgFo2ilhx7yJ8za9Wm/XHGr7hxklXg5qUCORr/81RvELI2 4QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGz+cFTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZl9TwZCc4ZyYgllWthbCRtRTRnajEo2BG/55VXSuqh6btW7u6zUbvI4inACp3AOHlxBDerQgCYwiOAZXuH N0c6L8+58LFoLTj5zDH/gfP4ACfOQjA==</latexit><latexit sha1_base64="xzTLfx6REoJpF4mNC2ky8ORPeos=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48 V7Ie0oWy2m3bpZhN2J2IJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//ci1EbG6x0nC/YgOlQgFo2ilhx7yJ8za9Wm/XHGr7hxklXg5qUCORr/81RvELI2 4QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGz+cFTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZl9TwZCc4ZyYgllWthbCRtRTRnajEo2BG/55VXSuqh6btW7u6zUbvI4inACp3AOHlxBDerQgCYwiOAZXuH N0c6L8+58LFoLTj5zDH/gfP4ACfOQjA==</latexit><latexit sha1_base64="xzTLfx6REoJpF4mNC2ky8ORPeos=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48 V7Ie0oWy2m3bpZhN2J2IJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//ci1EbG6x0nC/YgOlQgFo2ilhx7yJ8za9Wm/XHGr7hxklXg5qUCORr/81RvELI2 4QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGz+cFTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZl9TwZCc4ZyYgllWthbCRtRTRnajEo2BG/55VXSuqh6btW7u6zUbvI4inACp3AOHlxBDerQgCYwiOAZXuH N0c6L8+58LFoLTj5zDH/gfP4ACfOQjA==</latexit>
BH<latexit sha1_base64="N68cVfpW8pqglK4pl7pr/r9fJvU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOplx4 r2FZpQ9lsN+3SzSbsTsQS+iu8eFDEqz/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMb6PqCGS6F4CwVKfp9oTqNA8k4wvpn5nUeujYjVHU4S7kd0qEQoGEUrPfSQP2FWb0z75Ypbdecgq8TLSQVyNPvlr94gZmn EFTJJjel6boJ+RjUKJvm01EsNTygb0yHvWqpoxI2fzQ+ekjOrDEgYa1sKyVz9PZHRyJhJFNjOiOLILHsz8T+vm2J47WdCJSlyxRaLwlQSjMnsezIQmjOUE0so08LeStiIasrQZlSyIXjLL6+S9kXVc6ve7WWlVs/jKMIJnMI5eHAFNWhAE1rAIIJneIU 3RzsvzrvzsWgtOPnMMfyB8/kD6eaQdw==</latexit><latexit sha1_base64="N68cVfpW8pqglK4pl7pr/r9fJvU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOplx4 r2FZpQ9lsN+3SzSbsTsQS+iu8eFDEqz/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMb6PqCGS6F4CwVKfp9oTqNA8k4wvpn5nUeujYjVHU4S7kd0qEQoGEUrPfSQP2FWb0z75Ypbdecgq8TLSQVyNPvlr94gZmn EFTJJjel6boJ+RjUKJvm01EsNTygb0yHvWqpoxI2fzQ+ekjOrDEgYa1sKyVz9PZHRyJhJFNjOiOLILHsz8T+vm2J47WdCJSlyxRaLwlQSjMnsezIQmjOUE0so08LeStiIasrQZlSyIXjLL6+S9kXVc6ve7WWlVs/jKMIJnMI5eHAFNWhAE1rAIIJneIU 3RzsvzrvzsWgtOPnMMfyB8/kD6eaQdw==</latexit><latexit sha1_base64="N68cVfpW8pqglK4pl7pr/r9fJvU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOplx4 r2FZpQ9lsN+3SzSbsTsQS+iu8eFDEqz/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMb6PqCGS6F4CwVKfp9oTqNA8k4wvpn5nUeujYjVHU4S7kd0qEQoGEUrPfSQP2FWb0z75Ypbdecgq8TLSQVyNPvlr94gZmn EFTJJjel6boJ+RjUKJvm01EsNTygb0yHvWqpoxI2fzQ+ekjOrDEgYa1sKyVz9PZHRyJhJFNjOiOLILHsz8T+vm2J47WdCJSlyxRaLwlQSjMnsezIQmjOUE0so08LeStiIasrQZlSyIXjLL6+S9kXVc6ve7WWlVs/jKMIJnMI5eHAFNWhAE1rAIIJneIU 3RzsvzrvzsWgtOPnMMfyB8/kD6eaQdw==</latexit><latexit sha1_base64="N68cVfpW8pqglK4pl7pr/r9fJvU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOplx4 r2FZpQ9lsN+3SzSbsTsQS+iu8eFDEqz/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMb6PqCGS6F4CwVKfp9oTqNA8k4wvpn5nUeujYjVHU4S7kd0qEQoGEUrPfSQP2FWb0z75Ypbdecgq8TLSQVyNPvlr94gZmn EFTJJjel6boJ+RjUKJvm01EsNTygb0yHvWqpoxI2fzQ+ekjOrDEgYa1sKyVz9PZHRyJhJFNjOiOLILHsz8T+vm2J47WdCJSlyxRaLwlQSjMnsezIQmjOUE0so08LeStiIasrQZlSyIXjLL6+S9kXVc6ve7WWlVs/jKMIJnMI5eHAFNWhAE1rAIIJneIU 3RzsvzrvzsWgtOPnMMfyB8/kD6eaQdw==</latexit>
k1u
<latexit sha1_base64="poNfwXmbvgpRNbcpjS89/MbyH/0=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8c K9gPSUDbbSbt0kw27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco0hxZXUuluyAxIkUALBUrophpYHErohOPbmd95BG2ESh5wkkIQs2EiIsEZWskf93sIT5h72bRfrbl1dw66SryC1EiBZr/61RsonsW QIJfMGN9zUwxyplFwCdNKLzOQMj5mQ/AtTVgMJsjnJ0/pmVUGNFLaVoJ0rv6eyFlszCQObWfMcGSWvZn4n+dnGF0HuUjSDCHhi0VRJikqOvufDoQGjnJiCeNa2FspHzHNONqUKjYEb/nlVdK+qHtu3bu/rDVuijjK5IScknPikSvSIHekSVqEE0WeySt 5c9B5cd6dj0VrySlmjskfOJ8/mBaRcQ==</latexit><latexit sha1_base64="poNfwXmbvgpRNbcpjS89/MbyH/0=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8c K9gPSUDbbSbt0kw27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco0hxZXUuluyAxIkUALBUrophpYHErohOPbmd95BG2ESh5wkkIQs2EiIsEZWskf93sIT5h72bRfrbl1dw66SryC1EiBZr/61RsonsW QIJfMGN9zUwxyplFwCdNKLzOQMj5mQ/AtTVgMJsjnJ0/pmVUGNFLaVoJ0rv6eyFlszCQObWfMcGSWvZn4n+dnGF0HuUjSDCHhi0VRJikqOvufDoQGjnJiCeNa2FspHzHNONqUKjYEb/nlVdK+qHtu3bu/rDVuijjK5IScknPikSvSIHekSVqEE0WeySt 5c9B5cd6dj0VrySlmjskfOJ8/mBaRcQ==</latexit><latexit sha1_base64="poNfwXmbvgpRNbcpjS89/MbyH/0=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8c K9gPSUDbbSbt0kw27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco0hxZXUuluyAxIkUALBUrophpYHErohOPbmd95BG2ESh5wkkIQs2EiIsEZWskf93sIT5h72bRfrbl1dw66SryC1EiBZr/61RsonsW QIJfMGN9zUwxyplFwCdNKLzOQMj5mQ/AtTVgMJsjnJ0/pmVUGNFLaVoJ0rv6eyFlszCQObWfMcGSWvZn4n+dnGF0HuUjSDCHhi0VRJikqOvufDoQGjnJiCeNa2FspHzHNONqUKjYEb/nlVdK+qHtu3bu/rDVuijjK5IScknPikSvSIHekSVqEE0WeySt 5c9B5cd6dj0VrySlmjskfOJ8/mBaRcQ==</latexit><latexit sha1_base64="poNfwXmbvgpRNbcpjS89/MbyH/0=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8c K9gPSUDbbSbt0kw27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco0hxZXUuluyAxIkUALBUrophpYHErohOPbmd95BG2ESh5wkkIQs2EiIsEZWskf93sIT5h72bRfrbl1dw66SryC1EiBZr/61RsonsW QIJfMGN9zUwxyplFwCdNKLzOQMj5mQ/AtTVgMJsjnJ0/pmVUGNFLaVoJ0rv6eyFlszCQObWfMcGSWvZn4n+dnGF0HuUjSDCHhi0VRJikqOvufDoQGjnJiCeNa2FspHzHNONqUKjYEb/nlVdK+qHtu3bu/rDVuijjK5IScknPikSvSIHekSVqEE0WeySt 5c9B5cd6dj0VrySlmjskfOJ8/mBaRcQ==</latexit>
k2u
<latexit sha1_base64="0y6kekcnVpUauA+/Hu36MzEvKxs=">AAAB8nicbVBNS8NAEN34WetX1aOXYBE8laQIeix68Vj BfkAaymY7aZdudsPuRCyhP8OLB0W8+mu8+W/ctjlo64OBx3szzMyLUsENet63s7a+sbm1Xdop7+7tHxxWjo7bRmWaQYspoXQ3ogYEl9BCjgK6qQaaRAI60fh25nceQRuu5ANOUggTOpQ85oyilYJxv4fwhHk9m/YrVa/mzeGuEr8gVVKg2a989QaKZQl IZIIaE/heimFONXImYFruZQZSysZ0CIGlkiZgwnx+8tQ9t8rAjZW2JdGdq78ncpoYM0ki25lQHJllbyb+5wUZxtdhzmWaIUi2WBRnwkXlzv53B1wDQzGxhDLN7a0uG1FNGdqUyjYEf/nlVdKu13yv5t9fVhs3RRwlckrOyAXxyRVpkDvSJC3CiCLP5JW 8Oei8OO/Ox6J1zSlmTsgfOJ8/mZyRcg==</latexit><latexit sha1_base64="0y6kekcnVpUauA+/Hu36MzEvKxs=">AAAB8nicbVBNS8NAEN34WetX1aOXYBE8laQIeix68Vj BfkAaymY7aZdudsPuRCyhP8OLB0W8+mu8+W/ctjlo64OBx3szzMyLUsENet63s7a+sbm1Xdop7+7tHxxWjo7bRmWaQYspoXQ3ogYEl9BCjgK6qQaaRAI60fh25nceQRuu5ANOUggTOpQ85oyilYJxv4fwhHk9m/YrVa/mzeGuEr8gVVKg2a989QaKZQl IZIIaE/heimFONXImYFruZQZSysZ0CIGlkiZgwnx+8tQ9t8rAjZW2JdGdq78ncpoYM0ki25lQHJllbyb+5wUZxtdhzmWaIUi2WBRnwkXlzv53B1wDQzGxhDLN7a0uG1FNGdqUyjYEf/nlVdKu13yv5t9fVhs3RRwlckrOyAXxyRVpkDvSJC3CiCLP5JW 8Oei8OO/Ox6J1zSlmTsgfOJ8/mZyRcg==</latexit><latexit sha1_base64="0y6kekcnVpUauA+/Hu36MzEvKxs=">AAAB8nicbVBNS8NAEN34WetX1aOXYBE8laQIeix68Vj BfkAaymY7aZdudsPuRCyhP8OLB0W8+mu8+W/ctjlo64OBx3szzMyLUsENet63s7a+sbm1Xdop7+7tHxxWjo7bRmWaQYspoXQ3ogYEl9BCjgK6qQaaRAI60fh25nceQRuu5ANOUggTOpQ85oyilYJxv4fwhHk9m/YrVa/mzeGuEr8gVVKg2a989QaKZQl IZIIaE/heimFONXImYFruZQZSysZ0CIGlkiZgwnx+8tQ9t8rAjZW2JdGdq78ncpoYM0ki25lQHJllbyb+5wUZxtdhzmWaIUi2WBRnwkXlzv53B1wDQzGxhDLN7a0uG1FNGdqUyjYEf/nlVdKu13yv5t9fVhs3RRwlckrOyAXxyRVpkDvSJC3CiCLP5JW 8Oei8OO/Ox6J1zSlmTsgfOJ8/mZyRcg==</latexit><latexit sha1_base64="0y6kekcnVpUauA+/Hu36MzEvKxs=">AAAB8nicbVBNS8NAEN34WetX1aOXYBE8laQIeix68Vj BfkAaymY7aZdudsPuRCyhP8OLB0W8+mu8+W/ctjlo64OBx3szzMyLUsENet63s7a+sbm1Xdop7+7tHxxWjo7bRmWaQYspoXQ3ogYEl9BCjgK6qQaaRAI60fh25nceQRuu5ANOUggTOpQ85oyilYJxv4fwhHk9m/YrVa/mzeGuEr8gVVKg2a989QaKZQl IZIIaE/heimFONXImYFruZQZSysZ0CIGlkiZgwnx+8tQ9t8rAjZW2JdGdq78ncpoYM0ki25lQHJllbyb+5wUZxtdhzmWaIUi2WBRnwkXlzv53B1wDQzGxhDLN7a0uG1FNGdqUyjYEf/nlVdKu13yv5t9fVhs3RRwlckrOyAXxyRVpkDvSJC3CiCLP5JW 8Oei8OO/Ox6J1zSlmTsgfOJ8/mZyRcg==</latexit>
k2u
<latexit sha1_base64="0y6kekcnVpUauA+/Hu36MzEvKxs=">AAAB8nicbVBNS8NAEN34WetX1aOXYBE8laQIeix68Vj BfkAaymY7aZdudsPuRCyhP8OLB0W8+mu8+W/ctjlo64OBx3szzMyLUsENet63s7a+sbm1Xdop7+7tHxxWjo7bRmWaQYspoXQ3ogYEl9BCjgK6qQaaRAI60fh25nceQRuu5ANOUggTOpQ85oyilYJxv4fwhHk9m/YrVa/mzeGuEr8gVVKg2a989QaKZQl IZIIaE/heimFONXImYFruZQZSysZ0CIGlkiZgwnx+8tQ9t8rAjZW2JdGdq78ncpoYM0ki25lQHJllbyb+5wUZxtdhzmWaIUi2WBRnwkXlzv53B1wDQzGxhDLN7a0uG1FNGdqUyjYEf/nlVdKu13yv5t9fVhs3RRwlckrOyAXxyRVpkDvSJC3CiCLP5JW 8Oei8OO/Ox6J1zSlmTsgfOJ8/mZyRcg==</latexit><latexit sha1_base64="0y6kekcnVpUauA+/Hu36MzEvKxs=">AAAB8nicbVBNS8NAEN34WetX1aOXYBE8laQIeix68Vj BfkAaymY7aZdudsPuRCyhP8OLB0W8+mu8+W/ctjlo64OBx3szzMyLUsENet63s7a+sbm1Xdop7+7tHxxWjo7bRmWaQYspoXQ3ogYEl9BCjgK6qQaaRAI60fh25nceQRuu5ANOUggTOpQ85oyilYJxv4fwhHk9m/YrVa/mzeGuEr8gVVKg2a989QaKZQl IZIIaE/heimFONXImYFruZQZSysZ0CIGlkiZgwnx+8tQ9t8rAjZW2JdGdq78ncpoYM0ki25lQHJllbyb+5wUZxtdhzmWaIUi2WBRnwkXlzv53B1wDQzGxhDLN7a0uG1FNGdqUyjYEf/nlVdKu13yv5t9fVhs3RRwlckrOyAXxyRVpkDvSJC3CiCLP5JW 8Oei8OO/Ox6J1zSlmTsgfOJ8/mZyRcg==</latexit><latexit sha1_base64="0y6kekcnVpUauA+/Hu36MzEvKxs=">AAAB8nicbVBNS8NAEN34WetX1aOXYBE8laQIeix68Vj BfkAaymY7aZdudsPuRCyhP8OLB0W8+mu8+W/ctjlo64OBx3szzMyLUsENet63s7a+sbm1Xdop7+7tHxxWjo7bRmWaQYspoXQ3ogYEl9BCjgK6qQaaRAI60fh25nceQRuu5ANOUggTOpQ85oyilYJxv4fwhHk9m/YrVa/mzeGuEr8gVVKg2a989QaKZQl IZIIaE/heimFONXImYFruZQZSysZ0CIGlkiZgwnx+8tQ9t8rAjZW2JdGdq78ncpoYM0ki25lQHJllbyb+5wUZxtdhzmWaIUi2WBRnwkXlzv53B1wDQzGxhDLN7a0uG1FNGdqUyjYEf/nlVdKu13yv5t9fVhs3RRwlckrOyAXxyRVpkDvSJC3CiCLP5JW 8Oei8OO/Ox6J1zSlmTsgfOJ8/mZyRcg==</latexit><latexit sha1_base64="0y6kekcnVpUauA+/Hu36MzEvKxs=">AAAB8nicbVBNS8NAEN34WetX1aOXYBE8laQIeix68Vj BfkAaymY7aZdudsPuRCyhP8OLB0W8+mu8+W/ctjlo64OBx3szzMyLUsENet63s7a+sbm1Xdop7+7tHxxWjo7bRmWaQYspoXQ3ogYEl9BCjgK6qQaaRAI60fh25nceQRuu5ANOUggTOpQ85oyilYJxv4fwhHk9m/YrVa/mzeGuEr8gVVKg2a989QaKZQl IZIIaE/heimFONXImYFruZQZSysZ0CIGlkiZgwnx+8tQ9t8rAjZW2JdGdq78ncpoYM0ki25lQHJllbyb+5wUZxtdhzmWaIUi2WBRnwkXlzv53B1wDQzGxhDLN7a0uG1FNGdqUyjYEf/nlVdKu13yv5t9fVhs3RRwlckrOyAXxyRVpkDvSJC3CiCLP5JW 8Oei8OO/Ox6J1zSlmTsgfOJ8/mZyRcg==</latexit>
k1ur
<latexit sha1_base64="91TiWwmaZaCP6ne9yqEAMHyf2hY=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48 RzAOyS5idzCZDZh/M9IhhyW948aCIV3/Gm3/jJNmDJhY0FFXddHeFmRQaXffbKa2tb2xulbcrO7t7+wfVw6O2To1ivMVSmapuSDWXIuEtFCh5N1OcxqHknXB8O/M7j1xpkSYPOMl4ENNhIiLBKFrJH/d95E+Ye0ZN+9WaW3fnIKvEK0gNCjT71S9/kDI T8wSZpFr3PDfDIKcKBZN8WvGN5hllYzrkPUsTGnMd5PObp+TMKgMSpcpWgmSu/p7Iaaz1JA5tZ0xxpJe9mfif1zMYXQe5SDKDPGGLRZGRBFMyC4AMhOIM5cQSypSwtxI2oooytDFVbAje8surpH1R99y6d39Za9wUcZThBE7hHDy4ggbcQRNawCCDZ3i FN8c4L86787FoLTnFzDH8gfP5A25jke0=</latexit><latexit sha1_base64="91TiWwmaZaCP6ne9yqEAMHyf2hY=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48 RzAOyS5idzCZDZh/M9IhhyW948aCIV3/Gm3/jJNmDJhY0FFXddHeFmRQaXffbKa2tb2xulbcrO7t7+wfVw6O2To1ivMVSmapuSDWXIuEtFCh5N1OcxqHknXB8O/M7j1xpkSYPOMl4ENNhIiLBKFrJH/d95E+Ye0ZN+9WaW3fnIKvEK0gNCjT71S9/kDI T8wSZpFr3PDfDIKcKBZN8WvGN5hllYzrkPUsTGnMd5PObp+TMKgMSpcpWgmSu/p7Iaaz1JA5tZ0xxpJe9mfif1zMYXQe5SDKDPGGLRZGRBFMyC4AMhOIM5cQSypSwtxI2oooytDFVbAje8surpH1R99y6d39Za9wUcZThBE7hHDy4ggbcQRNawCCDZ3i FN8c4L86787FoLTnFzDH8gfP5A25jke0=</latexit><latexit sha1_base64="91TiWwmaZaCP6ne9yqEAMHyf2hY=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48 RzAOyS5idzCZDZh/M9IhhyW948aCIV3/Gm3/jJNmDJhY0FFXddHeFmRQaXffbKa2tb2xulbcrO7t7+wfVw6O2To1ivMVSmapuSDWXIuEtFCh5N1OcxqHknXB8O/M7j1xpkSYPOMl4ENNhIiLBKFrJH/d95E+Ye0ZN+9WaW3fnIKvEK0gNCjT71S9/kDI T8wSZpFr3PDfDIKcKBZN8WvGN5hllYzrkPUsTGnMd5PObp+TMKgMSpcpWgmSu/p7Iaaz1JA5tZ0xxpJe9mfif1zMYXQe5SDKDPGGLRZGRBFMyC4AMhOIM5cQSypSwtxI2oooytDFVbAje8surpH1R99y6d39Za9wUcZThBE7hHDy4ggbcQRNawCCDZ3i FN8c4L86787FoLTnFzDH8gfP5A25jke0=</latexit><latexit sha1_base64="91TiWwmaZaCP6ne9yqEAMHyf2hY=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48 RzAOyS5idzCZDZh/M9IhhyW948aCIV3/Gm3/jJNmDJhY0FFXddHeFmRQaXffbKa2tb2xulbcrO7t7+wfVw6O2To1ivMVSmapuSDWXIuEtFCh5N1OcxqHknXB8O/M7j1xpkSYPOMl4ENNhIiLBKFrJH/d95E+Ye0ZN+9WaW3fnIKvEK0gNCjT71S9/kDI T8wSZpFr3PDfDIKcKBZN8WvGN5hllYzrkPUsTGnMd5PObp+TMKgMSpcpWgmSu/p7Iaaz1JA5tZ0xxpJe9mfif1zMYXQe5SDKDPGGLRZGRBFMyC4AMhOIM5cQSypSwtxI2oooytDFVbAje8surpH1R99y6d39Za9wUcZThBE7hHDy4ggbcQRNawCCDZ3i FN8c4L86787FoLTnFzDH8gfP5A25jke0=</latexit>
k1ur
<latexit sha1_base64="91TiWwmaZaCP6ne9yqEAMHyf2hY=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48 RzAOyS5idzCZDZh/M9IhhyW948aCIV3/Gm3/jJNmDJhY0FFXddHeFmRQaXffbKa2tb2xulbcrO7t7+wfVw6O2To1ivMVSmapuSDWXIuEtFCh5N1OcxqHknXB8O/M7j1xpkSYPOMl4ENNhIiLBKFrJH/d95E+Ye0ZN+9WaW3fnIKvEK0gNCjT71S9/kDI T8wSZpFr3PDfDIKcKBZN8WvGN5hllYzrkPUsTGnMd5PObp+TMKgMSpcpWgmSu/p7Iaaz1JA5tZ0xxpJe9mfif1zMYXQe5SDKDPGGLRZGRBFMyC4AMhOIM5cQSypSwtxI2oooytDFVbAje8surpH1R99y6d39Za9wUcZThBE7hHDy4ggbcQRNawCCDZ3i FN8c4L86787FoLTnFzDH8gfP5A25jke0=</latexit><latexit sha1_base64="91TiWwmaZaCP6ne9yqEAMHyf2hY=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48 RzAOyS5idzCZDZh/M9IhhyW948aCIV3/Gm3/jJNmDJhY0FFXddHeFmRQaXffbKa2tb2xulbcrO7t7+wfVw6O2To1ivMVSmapuSDWXIuEtFCh5N1OcxqHknXB8O/M7j1xpkSYPOMl4ENNhIiLBKFrJH/d95E+Ye0ZN+9WaW3fnIKvEK0gNCjT71S9/kDI T8wSZpFr3PDfDIKcKBZN8WvGN5hllYzrkPUsTGnMd5PObp+TMKgMSpcpWgmSu/p7Iaaz1JA5tZ0xxpJe9mfif1zMYXQe5SDKDPGGLRZGRBFMyC4AMhOIM5cQSypSwtxI2oooytDFVbAje8surpH1R99y6d39Za9wUcZThBE7hHDy4ggbcQRNawCCDZ3i FN8c4L86787FoLTnFzDH8gfP5A25jke0=</latexit><latexit sha1_base64="91TiWwmaZaCP6ne9yqEAMHyf2hY=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48 RzAOyS5idzCZDZh/M9IhhyW948aCIV3/Gm3/jJNmDJhY0FFXddHeFmRQaXffbKa2tb2xulbcrO7t7+wfVw6O2To1ivMVSmapuSDWXIuEtFCh5N1OcxqHknXB8O/M7j1xpkSYPOMl4ENNhIiLBKFrJH/d95E+Ye0ZN+9WaW3fnIKvEK0gNCjT71S9/kDI T8wSZpFr3PDfDIKcKBZN8WvGN5hllYzrkPUsTGnMd5PObp+TMKgMSpcpWgmSu/p7Iaaz1JA5tZ0xxpJe9mfif1zMYXQe5SDKDPGGLRZGRBFMyC4AMhOIM5cQSypSwtxI2oooytDFVbAje8surpH1R99y6d39Za9wUcZThBE7hHDy4ggbcQRNawCCDZ3i FN8c4L86787FoLTnFzDH8gfP5A25jke0=</latexit><latexit sha1_base64="91TiWwmaZaCP6ne9yqEAMHyf2hY=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48 RzAOyS5idzCZDZh/M9IhhyW948aCIV3/Gm3/jJNmDJhY0FFXddHeFmRQaXffbKa2tb2xulbcrO7t7+wfVw6O2To1ivMVSmapuSDWXIuEtFCh5N1OcxqHknXB8O/M7j1xpkSYPOMl4ENNhIiLBKFrJH/d95E+Ye0ZN+9WaW3fnIKvEK0gNCjT71S9/kDI T8wSZpFr3PDfDIKcKBZN8WvGN5hllYzrkPUsTGnMd5PObp+TMKgMSpcpWgmSu/p7Iaaz1JA5tZ0xxpJe9mfif1zMYXQe5SDKDPGGLRZGRBFMyC4AMhOIM5cQSypSwtxI2oooytDFVbAje8surpH1R99y6d39Za9wUcZThBE7hHDy4ggbcQRNawCCDZ3i FN8c4L86787FoLTnFzDH8gfP5A25jke0=</latexit>
k1v
<latexit sha1_base64="1mvdos4jtRfDftQWZW03Hr+X89Q=">AAAB8nicbVBNS8NAEN34WetX1aOXYBE8lUQEPRa9eKx gPyANZbOdtEs3u2F3UiyhP8OLB0W8+mu8+W/ctjlo64OBx3szzMyLUsENet63s7a+sbm1Xdop7+7tHxxWjo5bRmWaQZMpoXQnogYEl9BEjgI6qQaaRALa0ehu5rfHoA1X8hEnKYQJHUgec0bRSsGo10V4wtwfT3uVqlfz5nBXiV+QKinQ6FW+un3FsgQ kMkGNCXwvxTCnGjkTMC13MwMpZSM6gMBSSRMwYT4/eeqeW6XvxkrbkujO1d8TOU2MmSSR7UwoDs2yNxP/84IM45sw5zLNECRbLIoz4aJyZ/+7fa6BoZhYQpnm9laXDammDG1KZRuCv/zyKmld1nyv5j9cVeu3RRwlckrOyAXxyTWpk3vSIE3CiCLP5JW 8Oei8OO/Ox6J1zSlmTsgfOJ8/mZuRcg==</latexit><latexit sha1_base64="1mvdos4jtRfDftQWZW03Hr+X89Q=">AAAB8nicbVBNS8NAEN34WetX1aOXYBE8lUQEPRa9eKx gPyANZbOdtEs3u2F3UiyhP8OLB0W8+mu8+W/ctjlo64OBx3szzMyLUsENet63s7a+sbm1Xdop7+7tHxxWjo5bRmWaQZMpoXQnogYEl9BEjgI6qQaaRALa0ehu5rfHoA1X8hEnKYQJHUgec0bRSsGo10V4wtwfT3uVqlfz5nBXiV+QKinQ6FW+un3FsgQ kMkGNCXwvxTCnGjkTMC13MwMpZSM6gMBSSRMwYT4/eeqeW6XvxkrbkujO1d8TOU2MmSSR7UwoDs2yNxP/84IM45sw5zLNECRbLIoz4aJyZ/+7fa6BoZhYQpnm9laXDammDG1KZRuCv/zyKmld1nyv5j9cVeu3RRwlckrOyAXxyTWpk3vSIE3CiCLP5JW 8Oei8OO/Ox6J1zSlmTsgfOJ8/mZuRcg==</latexit><latexit sha1_base64="1mvdos4jtRfDftQWZW03Hr+X89Q=">AAAB8nicbVBNS8NAEN34WetX1aOXYBE8lUQEPRa9eKx gPyANZbOdtEs3u2F3UiyhP8OLB0W8+mu8+W/ctjlo64OBx3szzMyLUsENet63s7a+sbm1Xdop7+7tHxxWjo5bRmWaQZMpoXQnogYEl9BEjgI6qQaaRALa0ehu5rfHoA1X8hEnKYQJHUgec0bRSsGo10V4wtwfT3uVqlfz5nBXiV+QKinQ6FW+un3FsgQ kMkGNCXwvxTCnGjkTMC13MwMpZSM6gMBSSRMwYT4/eeqeW6XvxkrbkujO1d8TOU2MmSSR7UwoDs2yNxP/84IM45sw5zLNECRbLIoz4aJyZ/+7fa6BoZhYQpnm9laXDammDG1KZRuCv/zyKmld1nyv5j9cVeu3RRwlckrOyAXxyTWpk3vSIE3CiCLP5JW 8Oei8OO/Ox6J1zSlmTsgfOJ8/mZuRcg==</latexit><latexit sha1_base64="1mvdos4jtRfDftQWZW03Hr+X89Q=">AAAB8nicbVBNS8NAEN34WetX1aOXYBE8lUQEPRa9eKx gPyANZbOdtEs3u2F3UiyhP8OLB0W8+mu8+W/ctjlo64OBx3szzMyLUsENet63s7a+sbm1Xdop7+7tHxxWjo5bRmWaQZMpoXQnogYEl9BEjgI6qQaaRALa0ehu5rfHoA1X8hEnKYQJHUgec0bRSsGo10V4wtwfT3uVqlfz5nBXiV+QKinQ6FW+un3FsgQ kMkGNCXwvxTCnGjkTMC13MwMpZSM6gMBSSRMwYT4/eeqeW6XvxkrbkujO1d8TOU2MmSSR7UwoDs2yNxP/84IM45sw5zLNECRbLIoz4aJyZ/+7fa6BoZhYQpnm9laXDammDG1KZRuCv/zyKmld1nyv5j9cVeu3RRwlckrOyAXxyTWpk3vSIE3CiCLP5JW 8Oei8OO/Ox6J1zSlmTsgfOJ8/mZuRcg==</latexit>
(b)
<latexit sha1_base64="nvmtgWEx7qwPdQ+Ek+1IsFecZyE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjx WtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSQzU475crbs2dg6wSLycVyNHol796g5ilEUrDBNW 667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6qHluzbu/rNRv8jiKcAKnUAUPrqAOd9CAJjAYwjO8wpsjnBf n3flYtBacfOYY/sD5/AGKMI1L</latexit><latexit sha1_base64="nvmtgWEx7qwPdQ+Ek+1IsFecZyE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjx WtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSQzU475crbs2dg6wSLycVyNHol796g5ilEUrDBNW 667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6qHluzbu/rNRv8jiKcAKnUAUPrqAOd9CAJjAYwjO8wpsjnBf n3flYtBacfOYY/sD5/AGKMI1L</latexit><latexit sha1_base64="nvmtgWEx7qwPdQ+Ek+1IsFecZyE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjx WtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSQzU475crbs2dg6wSLycVyNHol796g5ilEUrDBNW 667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6qHluzbu/rNRv8jiKcAKnUAUPrqAOd9CAJjAYwjO8wpsjnBf n3flYtBacfOYY/sD5/AGKMI1L</latexit><latexit sha1_base64="nvmtgWEx7qwPdQ+Ek+1IsFecZyE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjx WtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSQzU475crbs2dg6wSLycVyNHol796g5ilEUrDBNW 667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6qHluzbu/rNRv8jiKcAKnUAUPrqAOd9CAJjAYwjO8wpsjnBf n3flYtBacfOYY/sD5/AGKMI1L</latexit>
k1ul
<latexit sha1_base64="wyjGq8c/vYoVjQG4Ad/AKQ2ksZo=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48 RzAOyS5idzCZDZh/M9IhhyW948aCIV3/Gm3/jJNmDJhY0FFXddHeFmRQaXffbKa2tb2xulbcrO7t7+wfVw6O2To1ivMVSmapuSDWXIuEtFCh5N1OcxqHknXB8O/M7j1xpkSYPOMl4ENNhIiLBKFrJH/d95E+Ye0ZO+9WaW3fnIKvEK0gNCjT71S9/kDI T8wSZpFr3PDfDIKcKBZN8WvGN5hllYzrkPUsTGnMd5PObp+TMKgMSpcpWgmSu/p7Iaaz1JA5tZ0xxpJe9mfif1zMYXQe5SDKDPGGLRZGRBFMyC4AMhOIM5cQSypSwtxI2oooytDFVbAje8surpH1R99y6d39Za9wUcZThBE7hHDy4ggbcQRNawCCDZ3i FN8c4L86787FoLTnFzDH8gfP5A2VFkec=</latexit><latexit sha1_base64="wyjGq8c/vYoVjQG4Ad/AKQ2ksZo=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48 RzAOyS5idzCZDZh/M9IhhyW948aCIV3/Gm3/jJNmDJhY0FFXddHeFmRQaXffbKa2tb2xulbcrO7t7+wfVw6O2To1ivMVSmapuSDWXIuEtFCh5N1OcxqHknXB8O/M7j1xpkSYPOMl4ENNhIiLBKFrJH/d95E+Ye0ZO+9WaW3fnIKvEK0gNCjT71S9/kDI T8wSZpFr3PDfDIKcKBZN8WvGN5hllYzrkPUsTGnMd5PObp+TMKgMSpcpWgmSu/p7Iaaz1JA5tZ0xxpJe9mfif1zMYXQe5SDKDPGGLRZGRBFMyC4AMhOIM5cQSypSwtxI2oooytDFVbAje8surpH1R99y6d39Za9wUcZThBE7hHDy4ggbcQRNawCCDZ3i FN8c4L86787FoLTnFzDH8gfP5A2VFkec=</latexit><latexit sha1_base64="wyjGq8c/vYoVjQG4Ad/AKQ2ksZo=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48 RzAOyS5idzCZDZh/M9IhhyW948aCIV3/Gm3/jJNmDJhY0FFXddHeFmRQaXffbKa2tb2xulbcrO7t7+wfVw6O2To1ivMVSmapuSDWXIuEtFCh5N1OcxqHknXB8O/M7j1xpkSYPOMl4ENNhIiLBKFrJH/d95E+Ye0ZO+9WaW3fnIKvEK0gNCjT71S9/kDI T8wSZpFr3PDfDIKcKBZN8WvGN5hllYzrkPUsTGnMd5PObp+TMKgMSpcpWgmSu/p7Iaaz1JA5tZ0xxpJe9mfif1zMYXQe5SDKDPGGLRZGRBFMyC4AMhOIM5cQSypSwtxI2oooytDFVbAje8surpH1R99y6d39Za9wUcZThBE7hHDy4ggbcQRNawCCDZ3i FN8c4L86787FoLTnFzDH8gfP5A2VFkec=</latexit><latexit sha1_base64="wyjGq8c/vYoVjQG4Ad/AKQ2ksZo=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48 RzAOyS5idzCZDZh/M9IhhyW948aCIV3/Gm3/jJNmDJhY0FFXddHeFmRQaXffbKa2tb2xulbcrO7t7+wfVw6O2To1ivMVSmapuSDWXIuEtFCh5N1OcxqHknXB8O/M7j1xpkSYPOMl4ENNhIiLBKFrJH/d95E+Ye0ZO+9WaW3fnIKvEK0gNCjT71S9/kDI T8wSZpFr3PDfDIKcKBZN8WvGN5hllYzrkPUsTGnMd5PObp+TMKgMSpcpWgmSu/p7Iaaz1JA5tZ0xxpJe9mfif1zMYXQe5SDKDPGGLRZGRBFMyC4AMhOIM5cQSypSwtxI2oooytDFVbAje8surpH1R99y6d39Za9wUcZThBE7hHDy4ggbcQRNawCCDZ3i FN8c4L86787FoLTnFzDH8gfP5A2VFkec=</latexit>
k1v
<latexit sha1_base64="1mvdos4jtRfDftQWZW03Hr+X89Q=">AAAB8nicbVBNS8NAEN34WetX1aOXYBE8lUQEPRa9eKx gPyANZbOdtEs3u2F3UiyhP8OLB0W8+mu8+W/ctjlo64OBx3szzMyLUsENet63s7a+sbm1Xdop7+7tHxxWjo5bRmWaQZMpoXQnogYEl9BEjgI6qQaaRALa0ehu5rfHoA1X8hEnKYQJHUgec0bRSsGo10V4wtwfT3uVqlfz5nBXiV+QKinQ6FW+un3FsgQ kMkGNCXwvxTCnGjkTMC13MwMpZSM6gMBSSRMwYT4/eeqeW6XvxkrbkujO1d8TOU2MmSSR7UwoDs2yNxP/84IM45sw5zLNECRbLIoz4aJyZ/+7fa6BoZhYQpnm9laXDammDG1KZRuCv/zyKmld1nyv5j9cVeu3RRwlckrOyAXxyTWpk3vSIE3CiCLP5JW 8Oei8OO/Ox6J1zSlmTsgfOJ8/mZuRcg==</latexit><latexit sha1_base64="1mvdos4jtRfDftQWZW03Hr+X89Q=">AAAB8nicbVBNS8NAEN34WetX1aOXYBE8lUQEPRa9eKx gPyANZbOdtEs3u2F3UiyhP8OLB0W8+mu8+W/ctjlo64OBx3szzMyLUsENet63s7a+sbm1Xdop7+7tHxxWjo5bRmWaQZMpoXQnogYEl9BEjgI6qQaaRALa0ehu5rfHoA1X8hEnKYQJHUgec0bRSsGo10V4wtwfT3uVqlfz5nBXiV+QKinQ6FW+un3FsgQ kMkGNCXwvxTCnGjkTMC13MwMpZSM6gMBSSRMwYT4/eeqeW6XvxkrbkujO1d8TOU2MmSSR7UwoDs2yNxP/84IM45sw5zLNECRbLIoz4aJyZ/+7fa6BoZhYQpnm9laXDammDG1KZRuCv/zyKmld1nyv5j9cVeu3RRwlckrOyAXxyTWpk3vSIE3CiCLP5JW 8Oei8OO/Ox6J1zSlmTsgfOJ8/mZuRcg==</latexit><latexit sha1_base64="1mvdos4jtRfDftQWZW03Hr+X89Q=">AAAB8nicbVBNS8NAEN34WetX1aOXYBE8lUQEPRa9eKx gPyANZbOdtEs3u2F3UiyhP8OLB0W8+mu8+W/ctjlo64OBx3szzMyLUsENet63s7a+sbm1Xdop7+7tHxxWjo5bRmWaQZMpoXQnogYEl9BEjgI6qQaaRALa0ehu5rfHoA1X8hEnKYQJHUgec0bRSsGo10V4wtwfT3uVqlfz5nBXiV+QKinQ6FW+un3FsgQ kMkGNCXwvxTCnGjkTMC13MwMpZSM6gMBSSRMwYT4/eeqeW6XvxkrbkujO1d8TOU2MmSSR7UwoDs2yNxP/84IM45sw5zLNECRbLIoz4aJyZ/+7fa6BoZhYQpnm9laXDammDG1KZRuCv/zyKmld1nyv5j9cVeu3RRwlckrOyAXxyTWpk3vSIE3CiCLP5JW 8Oei8OO/Ox6J1zSlmTsgfOJ8/mZuRcg==</latexit><latexit sha1_base64="1mvdos4jtRfDftQWZW03Hr+X89Q=">AAAB8nicbVBNS8NAEN34WetX1aOXYBE8lUQEPRa9eKx gPyANZbOdtEs3u2F3UiyhP8OLB0W8+mu8+W/ctjlo64OBx3szzMyLUsENet63s7a+sbm1Xdop7+7tHxxWjo5bRmWaQZMpoXQnogYEl9BEjgI6qQaaRALa0ehu5rfHoA1X8hEnKYQJHUgec0bRSsGo10V4wtwfT3uVqlfz5nBXiV+QKinQ6FW+un3FsgQ kMkGNCXwvxTCnGjkTMC13MwMpZSM6gMBSSRMwYT4/eeqeW6XvxkrbkujO1d8TOU2MmSSR7UwoDs2yNxP/84IM45sw5zLNECRbLIoz4aJyZ/+7fa6BoZhYQpnm9laXDammDG1KZRuCv/zyKmld1nyv5j9cVeu3RRwlckrOyAXxyTWpk3vSIE3CiCLP5JW 8Oei8OO/Ox6J1zSlmTsgfOJ8/mZuRcg==</latexit>
k1ul
<latexit sha1_base64="wyjGq8c/vYoVjQG4Ad/AKQ2ksZo=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48 RzAOyS5idzCZDZh/M9IhhyW948aCIV3/Gm3/jJNmDJhY0FFXddHeFmRQaXffbKa2tb2xulbcrO7t7+wfVw6O2To1ivMVSmapuSDWXIuEtFCh5N1OcxqHknXB8O/M7j1xpkSYPOMl4ENNhIiLBKFrJH/d95E+Ye0ZO+9WaW3fnIKvEK0gNCjT71S9/kDI T8wSZpFr3PDfDIKcKBZN8WvGN5hllYzrkPUsTGnMd5PObp+TMKgMSpcpWgmSu/p7Iaaz1JA5tZ0xxpJe9mfif1zMYXQe5SDKDPGGLRZGRBFMyC4AMhOIM5cQSypSwtxI2oooytDFVbAje8surpH1R99y6d39Za9wUcZThBE7hHDy4ggbcQRNawCCDZ3i FN8c4L86787FoLTnFzDH8gfP5A2VFkec=</latexit><latexit sha1_base64="wyjGq8c/vYoVjQG4Ad/AKQ2ksZo=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48 RzAOyS5idzCZDZh/M9IhhyW948aCIV3/Gm3/jJNmDJhY0FFXddHeFmRQaXffbKa2tb2xulbcrO7t7+wfVw6O2To1ivMVSmapuSDWXIuEtFCh5N1OcxqHknXB8O/M7j1xpkSYPOMl4ENNhIiLBKFrJH/d95E+Ye0ZO+9WaW3fnIKvEK0gNCjT71S9/kDI T8wSZpFr3PDfDIKcKBZN8WvGN5hllYzrkPUsTGnMd5PObp+TMKgMSpcpWgmSu/p7Iaaz1JA5tZ0xxpJe9mfif1zMYXQe5SDKDPGGLRZGRBFMyC4AMhOIM5cQSypSwtxI2oooytDFVbAje8surpH1R99y6d39Za9wUcZThBE7hHDy4ggbcQRNawCCDZ3i FN8c4L86787FoLTnFzDH8gfP5A2VFkec=</latexit><latexit sha1_base64="wyjGq8c/vYoVjQG4Ad/AKQ2ksZo=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48 RzAOyS5idzCZDZh/M9IhhyW948aCIV3/Gm3/jJNmDJhY0FFXddHeFmRQaXffbKa2tb2xulbcrO7t7+wfVw6O2To1ivMVSmapuSDWXIuEtFCh5N1OcxqHknXB8O/M7j1xpkSYPOMl4ENNhIiLBKFrJH/d95E+Ye0ZO+9WaW3fnIKvEK0gNCjT71S9/kDI T8wSZpFr3PDfDIKcKBZN8WvGN5hllYzrkPUsTGnMd5PObp+TMKgMSpcpWgmSu/p7Iaaz1JA5tZ0xxpJe9mfif1zMYXQe5SDKDPGGLRZGRBFMyC4AMhOIM5cQSypSwtxI2oooytDFVbAje8surpH1R99y6d39Za9wUcZThBE7hHDy4ggbcQRNawCCDZ3i FN8c4L86787FoLTnFzDH8gfP5A2VFkec=</latexit><latexit sha1_base64="wyjGq8c/vYoVjQG4Ad/AKQ2ksZo=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48 RzAOyS5idzCZDZh/M9IhhyW948aCIV3/Gm3/jJNmDJhY0FFXddHeFmRQaXffbKa2tb2xulbcrO7t7+wfVw6O2To1ivMVSmapuSDWXIuEtFCh5N1OcxqHknXB8O/M7j1xpkSYPOMl4ENNhIiLBKFrJH/d95E+Ye0ZO+9WaW3fnIKvEK0gNCjT71S9/kDI T8wSZpFr3PDfDIKcKBZN8WvGN5hllYzrkPUsTGnMd5PObp+TMKgMSpcpWgmSu/p7Iaaz1JA5tZ0xxpJe9mfif1zMYXQe5SDKDPGGLRZGRBFMyC4AMhOIM5cQSypSwtxI2oooytDFVbAje8surpH1R99y6d39Za9wUcZThBE7hHDy4ggbcQRNawCCDZ3i FN8c4L86787FoLTnFzDH8gfP5A2VFkec=</latexit>
k2v
<latexit sha1_base64="5/thl8dPB5MmQizdTS3Pdm78a4E=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgqSRF0GPRi8c K9gPSUDbbabt0sxt2J8US+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8KBHcoOd9O4WNza3tneJuaW//4PCofHzSMirVDJpMCaU7ETUguIQmchTQSTTQOBLQjsZ3c789AW24ko84TSCM6VDyAWcUrRSMe12EJ8xqk1mvXPGq3gLuOvFzUiE5Gr3yV7evWBq DRCaoMYHvJRhmVCNnAmalbmogoWxMhxBYKmkMJswWJ8/cC6v03YHStiS6C/X3REZjY6ZxZDtjiiOz6s3F/7wgxcFNmHGZpAiSLRcNUuGicuf/u32ugaGYWkKZ5vZWl42opgxtSiUbgr/68jpp1aq+V/Ufrir12zyOIjkj5+SS+OSa1Mk9aZAmYUSRZ/J K3hx0Xpx352PZWnDymVPyB87nD5shkXM=</latexit><latexit sha1_base64="5/thl8dPB5MmQizdTS3Pdm78a4E=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgqSRF0GPRi8c K9gPSUDbbabt0sxt2J8US+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8KBHcoOd9O4WNza3tneJuaW//4PCofHzSMirVDJpMCaU7ETUguIQmchTQSTTQOBLQjsZ3c789AW24ko84TSCM6VDyAWcUrRSMe12EJ8xqk1mvXPGq3gLuOvFzUiE5Gr3yV7evWBq DRCaoMYHvJRhmVCNnAmalbmogoWxMhxBYKmkMJswWJ8/cC6v03YHStiS6C/X3REZjY6ZxZDtjiiOz6s3F/7wgxcFNmHGZpAiSLRcNUuGicuf/u32ugaGYWkKZ5vZWl42opgxtSiUbgr/68jpp1aq+V/Ufrir12zyOIjkj5+SS+OSa1Mk9aZAmYUSRZ/J K3hx0Xpx352PZWnDymVPyB87nD5shkXM=</latexit><latexit sha1_base64="5/thl8dPB5MmQizdTS3Pdm78a4E=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgqSRF0GPRi8c K9gPSUDbbabt0sxt2J8US+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8KBHcoOd9O4WNza3tneJuaW//4PCofHzSMirVDJpMCaU7ETUguIQmchTQSTTQOBLQjsZ3c789AW24ko84TSCM6VDyAWcUrRSMe12EJ8xqk1mvXPGq3gLuOvFzUiE5Gr3yV7evWBq DRCaoMYHvJRhmVCNnAmalbmogoWxMhxBYKmkMJswWJ8/cC6v03YHStiS6C/X3REZjY6ZxZDtjiiOz6s3F/7wgxcFNmHGZpAiSLRcNUuGicuf/u32ugaGYWkKZ5vZWl42opgxtSiUbgr/68jpp1aq+V/Ufrir12zyOIjkj5+SS+OSa1Mk9aZAmYUSRZ/J K3hx0Xpx352PZWnDymVPyB87nD5shkXM=</latexit><latexit sha1_base64="5/thl8dPB5MmQizdTS3Pdm78a4E=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgqSRF0GPRi8c K9gPSUDbbabt0sxt2J8US+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8KBHcoOd9O4WNza3tneJuaW//4PCofHzSMirVDJpMCaU7ETUguIQmchTQSTTQOBLQjsZ3c789AW24ko84TSCM6VDyAWcUrRSMe12EJ8xqk1mvXPGq3gLuOvFzUiE5Gr3yV7evWBq DRCaoMYHvJRhmVCNnAmalbmogoWxMhxBYKmkMJswWJ8/cC6v03YHStiS6C/X3REZjY6ZxZDtjiiOz6s3F/7wgxcFNmHGZpAiSLRcNUuGicuf/u32ugaGYWkKZ5vZWl42opgxtSiUbgr/68jpp1aq+V/Ufrir12zyOIjkj5+SS+OSa1Mk9aZAmYUSRZ/J K3hx0Xpx352PZWnDymVPyB87nD5shkXM=</latexit>
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Figure 2: (a) Diagram of the evolution of trapped mode k2ul for real frequencies. The norm of
the outgoing mode k1u increases in each cycle by the lasing effect of the system. (b) For complex
frequencies, the evolution includes other outgoing modes that are exponentially decaying away
from the cavity.
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Figure 3: Group velocity of modes k after considering fluid flow, given by Eq. (8) for v1 = −1/2
and v2 = −2. From highest to lowest they are: v1u (blue), v2u (orange), v1v (green), v2v (red). The
horizons ±kh are marked by vertical lines.
Each of these velocities is shown in Fig. 3. As expected, velocities for co-propagating modes (v)
are always negative (remember that flow velocity is negative). For counter-propagating modes
(u) in the subsonic region (v1), the velocity is always positive, but in the supersonic region (v2)
there is a finite region of k where the velocity is negative. The region of opposite flow for v2u
is marked by dashed lines in Fig. 3 and the limiting values are known as horizons ±kh. For
numerical calculations we will use dimensionless units. In this case, it means setting velocities
v in terms of the speed of sound, i.e., v/c.
3.2 Horizon
We define an horizon as a k-mode that is not moving with respect to the cavity, i.e., where the
dispersion relation gives a group velocity vg(k) equal to the velocity of the external flow v. This
is only possible for counter-propagating modes (u) in a supersonic region (v2), i.e., only v2u(k)
crosses zero, as seen in Fig. 3. Then, the horizon kh is given by
v2u(k)|k=kh = 0. (9)
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This value defines the change of direction of counter-propagating waves in the supersonic re-
gion. The general solution is
kh = ± k023/2
√
v2
c2
− 4± v
c
√
v2
c2
+ 8 (10)
(see Eq. (24) in Ref. [23]). For a sufficiently high-enough velocity, there are two real solutions,
e.g., for velocity v2 we obtain the values kh shown in Fig. 3, this is why v2 is a supersonic
velocity. For low velocities there are no real solutions, as in the case of v1 in our example, this
is correct, as there is no horizon for subsonic velocities.
3.3 Transonic velocity
As we just saw, for given k0 and ω there is a minimum velocity needed to reach the horizon.
This is the minimum velocity for which the solutions k2ur and k2ul exist (are real) and they are
equal to each other, this is the “transonic” velocity vt. This velocity is important, as it is the one
that defines the subsonic (vt < v < 0) and supersonic regions (v < vt); remember that v and vt
are negative.
This velocity can be found analytically, using an auxiliary function q(k0,ω),
q3(k0,ω) = 729k40 + 270k
2
0ω
2 − 2ω4 + 33/2|k0|(27k20 − 4ω2)3/2, (11)
as
v2t = 1+
(2ω)2/3q(k0,ω)− 2w2
6k20
+
(54k20 +ω
2)|ω|4/3
k20q(k0,ω)
, (12)
and taking the negative square-root. For example, for k0 = 2 and ω = 1, we obtain vt =
−1.9002.
3.4 Norm
Now, an important part of the Hawking effect relies on the mixing of positive and nega-
tive norms, for the following reason. Modes with positive norm carry annihilation operators,
whereas modes with negative norm carry creation operators. A mixing of positive and nega-
tive norm modes thus corresponds to a mixing of annihilation and creation operators, which
describes the creation of particles. The norm is given in terms of the scalar product [24]:
(φ1, φ2) = −i
∫ +∞
−∞
(φ∗1(∂t + v∂x)φ2 − φ2(∂t + v∂x)φ∗1)dx . (13)
The scalar product is a conserved quantity that corresponds to the particle number associated
with a wave. It fulfills the following identities
(φ1, φ2) = (φ2, φ1)∗, (φ∗1 , φ
∗
2) = −(φ1, φ2)∗. (14)
Let us study the norm of our system for a region of constant v [24], also called flat profile
configuration [23]. We can write a general mode as a sum of plane waves exp(ikx − iωt) for
counter-propagating modes and exp(−ikx− iωt) for co-propagating ones. We obtain from the
wave equation ω = ±vk + F(k), where the + corresponds to counter-propagating modes and
the − to co-propagating modes. Let us normalize the modes with respect to the scalar product,
Eq. (13): (
e±ik1x−i(vk1+F(k1))t, e±ik2x−i(vk2+F(k2))t
)
= 4piF(k1)δ(k1 − k2). (15)
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The norm is positive if F is positive, which is the case for positive frequencies ω and co-
propagating modes. For counter-propagating waves the norm is positive for positive frequen-
cies ω if the phase velocity does not exceed the flow velocity v. Otherwise it is positive for
negative ω. For normalizing with respect to ω we express δ(k1− k2) as vlabδ(ω1−ω2) with vlab
from Eq. (8), and get
φ(x, t) =
1√
4pi|vlab(k)F(k)|
eikx−i(vk+F(k))t. (16)
In our case, we focus on the waves trapped between the horizons. We give those waves, the
ur and ul waves, a negative norm, while u and v have positive norm. This means that our
waves oscillate with positive frequencies ω. In Fig. 2(b), positive-norm modes are shown in
solid arrows and negative-norm modes in dotted ones.
4 Analytical solutions
We are interested in applying the theory of instabilities to this system. For that, we need to
generalize the system to be valid for complex frequencies ω and wave numbers k. Therefore,
we need to solve analytically the dispersion relation in Eq. (6). This is a quartic equation that
can be written in canonical form
k4 + dk3 + ek2 + f k + g = 0, (17)
with the following coefficients:
d = 0, e =
(
1− v
2
c2
)
k20, f =
2w0vk0
c2
, g = −w
2
0k
2
0
c2
. (18)
This type of equations with d = 0 can be reduced to an auxiliary cubic equation
k3 +
e
2
k2 +
e2 − 4g
16
k− f
2
64
= 0, (19)
and from its solutions p1, p2, p3, one can obtain the solutions of the quartic equation we are
interested in as
k1 =
√
p1 +
√
p2 +
√
p3, k3 = −√p1 +√p2 −√p3,
k2 =
√
p1 −√p2 −√p3, k4 = −√p1 −√p2 +√p3.
(20)
These are the analytical solutions of the dispersion relation (6), although the explicit solutions
are too long to be written here, they can be used to perform analytical calculations. In this way
we obtain four solutions for each part of the velocity flow, i.e., the supersonic and the subsonic
ones. Plots of the four complex solutions for varying velocities are shown in Fig. 4. There
we also marked the transonic velocity vt, where solutions kur and kul become complex. The k
solutions for the subsonic v1 = −1/2 and supersonic v2 = −3 cases in Figs. 1 and 4 are shown
in the complex k space in Fig. 5.
Comparing with the solutions of the numerical method, we obtain the same four solutions
in the supersonic region and the two real solutions in the subsonic region. Furthermore, we
obtain two more complex solutions that are complex conjugated of each other and that they do
not appear in the usual treatment of the BHL system.
These two extra solutions in the subsonic part have complex k and they will be exponen-
tially growing to one side of x and decaying to the other
eikx = ei(kR+ikI)x = e−kI xeikRx. (21)
That is, if k I > 0 the solution will decay to the right, and if k I < 0 it will decay to the left.
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Figure 4: The four analytic solutions changing the velocity v, its real (solid blue) and imaginary
(orange dashed) parts for k0 = 2 and ω = 1. The vertical lines correspond to the transonic velocity
vt = −1.9002. We can see that ku and kv are real for all velocities, while kur and kul are only for
supersonic velocities.
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Figure 5: Analytical solutions for v1 = −1/2 and v2 = −3 in the complex k-space. We obtain the
original six real solutions plus two new complex ones. Lines at kh help us find the direction of travel
for k2u, k2ur, and k2ul.
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k2ul
<latexit sha1_base64="y80zB8/a9f+548J45Rd2iPOwtu8=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8h d0gqLegF48RXBPILmF2MkmGzD6Y6RHDkt/w4kHFq1/jzb9xkuxBEwsaiqpuuruiTAqNrvvtrKyurW9slrbK2zu7e/uVg8MHnRrFuM9Smap2RDWXIuE+CpS8nSlO40jyVjS6mfqtR660SJN7HGc8jOkgEX3BKFopGHUD5E+Y142 cdCtVt+bOQJaJV5AqFGh2K19BL2Um5gkySbXueG6GYU4VCib5pBwYzTPKRnTAO5YmNOY6zGc3T8ipVXqknypbCZKZ+nsip7HW4ziynTHFoV70puJ/Xsdg/zLMRZIZ5AmbL+obSTAl0wBITyjOUI4toUwJeythQ6ooQxtT2Ybg Lb68TPx67arm3Z1XG9dFGiU4hhM4Aw8uoAG30AQfGGTwDK/w5hjnxXl3PuatK04xcwR/4Hz+ANCakbw=</latexit><latexit sha1_base64="y80zB8/a9f+548J45Rd2iPOwtu8=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8h d0gqLegF48RXBPILmF2MkmGzD6Y6RHDkt/w4kHFq1/jzb9xkuxBEwsaiqpuuruiTAqNrvvtrKyurW9slrbK2zu7e/uVg8MHnRrFuM9Smap2RDWXIuE+CpS8nSlO40jyVjS6mfqtR660SJN7HGc8jOkgEX3BKFopGHUD5E+Y142 cdCtVt+bOQJaJV5AqFGh2K19BL2Um5gkySbXueG6GYU4VCib5pBwYzTPKRnTAO5YmNOY6zGc3T8ipVXqknypbCZKZ+nsip7HW4ziynTHFoV70puJ/Xsdg/zLMRZIZ5AmbL+obSTAl0wBITyjOUI4toUwJeythQ6ooQxtT2Ybg Lb68TPx67arm3Z1XG9dFGiU4hhM4Aw8uoAG30AQfGGTwDK/w5hjnxXl3PuatK04xcwR/4Hz+ANCakbw=</latexit><latexit sha1_base64="y80zB8/a9f+548J45Rd2iPOwtu8=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8h d0gqLegF48RXBPILmF2MkmGzD6Y6RHDkt/w4kHFq1/jzb9xkuxBEwsaiqpuuruiTAqNrvvtrKyurW9slrbK2zu7e/uVg8MHnRrFuM9Smap2RDWXIuE+CpS8nSlO40jyVjS6mfqtR660SJN7HGc8jOkgEX3BKFopGHUD5E+Y142 cdCtVt+bOQJaJV5AqFGh2K19BL2Um5gkySbXueG6GYU4VCib5pBwYzTPKRnTAO5YmNOY6zGc3T8ipVXqknypbCZKZ+nsip7HW4ziynTHFoV70puJ/Xsdg/zLMRZIZ5AmbL+obSTAl0wBITyjOUI4toUwJeythQ6ooQxtT2Ybg Lb68TPx67arm3Z1XG9dFGiU4hhM4Aw8uoAG30AQfGGTwDK/w5hjnxXl3PuatK04xcwR/4Hz+ANCakbw=</latexit><latexit sha1_base64="y80zB8/a9f+548J45Rd2iPOwtu8=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8h d0gqLegF48RXBPILmF2MkmGzD6Y6RHDkt/w4kHFq1/jzb9xkuxBEwsaiqpuuruiTAqNrvvtrKyurW9slrbK2zu7e/uVg8MHnRrFuM9Smap2RDWXIuE+CpS8nSlO40jyVjS6mfqtR660SJN7HGc8jOkgEX3BKFopGHUD5E+Y142 cdCtVt+bOQJaJV5AqFGh2K19BL2Um5gkySbXueG6GYU4VCib5pBwYzTPKRnTAO5YmNOY6zGc3T8ipVXqknypbCZKZ+nsip7HW4ziynTHFoV70puJ/Xsdg/zLMRZIZ5AmbL+obSTAl0wBITyjOUI4toUwJeythQ6ooQxtT2Ybg Lb68TPx67arm3Z1XG9dFGiU4hhM4Aw8uoAG30AQfGGTwDK/w5hjnxXl3PuatK04xcwR/4Hz+ANCakbw=</latexit>
k2v
<latexit sha1_base64="zrDAsDEk+sfUg2u8mwIIOxZUW84=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU 0mKoN6KXjxWMLaQhrLZbtqlm92wOymW0J/hxYOKV/+NN/+N2zYHbX0w8Hhvhpl5USq4Adf9dkpr6xubW+Xtys7u3v5B9fDo0ahMU+ZTJZTuRMQwwSXzgYNgnVQzkkSCtaPR7cxvj5k2XMkHmKQsTMhA8phTAlYKRr0usCfIG+N pr1pz6+4ceJV4BamhAq1e9avbVzRLmAQqiDGB56YQ5kQDp4JNK93MsJTQERmwwFJJEmbCfH7yFJ9ZpY9jpW1JwHP190ROEmMmSWQ7EwJDs+zNxP+8IIP4Ksy5TDNgki4WxZnAoPDsf9znmlEQE0sI1dzeiumQaELBplSxIXjL L68Sv1G/rnv3F7XmTZFGGZ2gU3SOPHSJmugOtZCPKFLoGb2iNwecF+fd+Vi0lpxi5hj9gfP5AwVqkUc=</latexit><latexit sha1_base64="zrDAsDEk+sfUg2u8mwIIOxZUW84=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU 0mKoN6KXjxWMLaQhrLZbtqlm92wOymW0J/hxYOKV/+NN/+N2zYHbX0w8Hhvhpl5USq4Adf9dkpr6xubW+Xtys7u3v5B9fDo0ahMU+ZTJZTuRMQwwSXzgYNgnVQzkkSCtaPR7cxvj5k2XMkHmKQsTMhA8phTAlYKRr0usCfIG+N pr1pz6+4ceJV4BamhAq1e9avbVzRLmAQqiDGB56YQ5kQDp4JNK93MsJTQERmwwFJJEmbCfH7yFJ9ZpY9jpW1JwHP190ROEmMmSWQ7EwJDs+zNxP+8IIP4Ksy5TDNgki4WxZnAoPDsf9znmlEQE0sI1dzeiumQaELBplSxIXjL L68Sv1G/rnv3F7XmTZFGGZ2gU3SOPHSJmugOtZCPKFLoGb2iNwecF+fd+Vi0lpxi5hj9gfP5AwVqkUc=</latexit><latexit sha1_base64="zrDAsDEk+sfUg2u8mwIIOxZUW84=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU 0mKoN6KXjxWMLaQhrLZbtqlm92wOymW0J/hxYOKV/+NN/+N2zYHbX0w8Hhvhpl5USq4Adf9dkpr6xubW+Xtys7u3v5B9fDo0ahMU+ZTJZTuRMQwwSXzgYNgnVQzkkSCtaPR7cxvj5k2XMkHmKQsTMhA8phTAlYKRr0usCfIG+N pr1pz6+4ceJV4BamhAq1e9avbVzRLmAQqiDGB56YQ5kQDp4JNK93MsJTQERmwwFJJEmbCfH7yFJ9ZpY9jpW1JwHP190ROEmMmSWQ7EwJDs+zNxP+8IIP4Ksy5TDNgki4WxZnAoPDsf9znmlEQE0sI1dzeiumQaELBplSxIXjL L68Sv1G/rnv3F7XmTZFGGZ2gU3SOPHSJmugOtZCPKFLoGb2iNwecF+fd+Vi0lpxi5hj9gfP5AwVqkUc=</latexit><latexit sha1_base64="zrDAsDEk+sfUg2u8mwIIOxZUW84=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU 0mKoN6KXjxWMLaQhrLZbtqlm92wOymW0J/hxYOKV/+NN/+N2zYHbX0w8Hhvhpl5USq4Adf9dkpr6xubW+Xtys7u3v5B9fDo0ahMU+ZTJZTuRMQwwSXzgYNgnVQzkkSCtaPR7cxvj5k2XMkHmKQsTMhA8phTAlYKRr0usCfIG+N pr1pz6+4ceJV4BamhAq1e9avbVzRLmAQqiDGB56YQ5kQDp4JNK93MsJTQERmwwFJJEmbCfH7yFJ9ZpY9jpW1JwHP190ROEmMmSWQ7EwJDs+zNxP+8IIP4Ksy5TDNgki4WxZnAoPDsf9znmlEQE0sI1dzeiumQaELBplSxIXjL L68Sv1G/rnv3F7XmTZFGGZ2gU3SOPHSJmugOtZCPKFLoGb2iNwecF+fd+Vi0lpxi5hj9gfP5AwVqkUc=</latexit>
k1v
<latexit sha1_base64="4LB8/ny/q/LyAhD5lAyEl3iUYXs=">AAAB8XicbVBNS8NAEN3Ur1q/qh69BIvgq SQiqLeiF48VjBbaUDbbSbt0sxt2J8US+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpBgFTQulWRA0ILiFAjgJaqQaaRAIeo+HN1H8cgTZcyXscpxAmtC95zBlFK7WH3Q7CE+b+aNK t1ry6N4O7TPyC1EiBZrf61ekpliUgkQlqTNv3UgxzqpEzAZNKJzOQUjakfWhbKmkCJsxnJ0/cE6v03FhpWxLdmfp7IqeJMeMksp0JxYFZ9Kbif147w/gyzLlMMwTJ5oviTLio3On/bo9rYCjGllCmub3VZQOqKUObUsWG4C++ vEyCs/pV3b87rzWuizTK5Igck1PikwvSILekSQLCiCLP5JW8Oei8OO/Ox7y15BQzh+QPnM8fA+WRRg==</latexit><latexit sha1_base64="4LB8/ny/q/LyAhD5lAyEl3iUYXs=">AAAB8XicbVBNS8NAEN3Ur1q/qh69BIvgq SQiqLeiF48VjBbaUDbbSbt0sxt2J8US+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpBgFTQulWRA0ILiFAjgJaqQaaRAIeo+HN1H8cgTZcyXscpxAmtC95zBlFK7WH3Q7CE+b+aNK t1ry6N4O7TPyC1EiBZrf61ekpliUgkQlqTNv3UgxzqpEzAZNKJzOQUjakfWhbKmkCJsxnJ0/cE6v03FhpWxLdmfp7IqeJMeMksp0JxYFZ9Kbif147w/gyzLlMMwTJ5oviTLio3On/bo9rYCjGllCmub3VZQOqKUObUsWG4C++ vEyCs/pV3b87rzWuizTK5Igck1PikwvSILekSQLCiCLP5JW8Oei8OO/Ox7y15BQzh+QPnM8fA+WRRg==</latexit><latexit sha1_base64="4LB8/ny/q/LyAhD5lAyEl3iUYXs=">AAAB8XicbVBNS8NAEN3Ur1q/qh69BIvgq SQiqLeiF48VjBbaUDbbSbt0sxt2J8US+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpBgFTQulWRA0ILiFAjgJaqQaaRAIeo+HN1H8cgTZcyXscpxAmtC95zBlFK7WH3Q7CE+b+aNK t1ry6N4O7TPyC1EiBZrf61ekpliUgkQlqTNv3UgxzqpEzAZNKJzOQUjakfWhbKmkCJsxnJ0/cE6v03FhpWxLdmfp7IqeJMeMksp0JxYFZ9Kbif147w/gyzLlMMwTJ5oviTLio3On/bo9rYCjGllCmub3VZQOqKUObUsWG4C++ vEyCs/pV3b87rzWuizTK5Igck1PikwvSILekSQLCiCLP5JW8Oei8OO/Ox7y15BQzh+QPnM8fA+WRRg==</latexit><latexit sha1_base64="4LB8/ny/q/LyAhD5lAyEl3iUYXs=">AAAB8XicbVBNS8NAEN3Ur1q/qh69BIvgq SQiqLeiF48VjBbaUDbbSbt0sxt2J8US+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpBgFTQulWRA0ILiFAjgJaqQaaRAIeo+HN1H8cgTZcyXscpxAmtC95zBlFK7WH3Q7CE+b+aNK t1ry6N4O7TPyC1EiBZrf61ekpliUgkQlqTNv3UgxzqpEzAZNKJzOQUjakfWhbKmkCJsxnJ0/cE6v03FhpWxLdmfp7IqeJMeMksp0JxYFZ9Kbif147w/gyzLlMMwTJ5oviTLio3On/bo9rYCjGllCmub3VZQOqKUObUsWG4C++ vEyCs/pV3b87rzWuizTK5Igck1PikwvSILekSQLCiCLP5JW8Oei8OO/Ox7y15BQzh+QPnM8fA+WRRg==</latexit>
k1ur
<latexit sha1_base64="WXwRww0IpnvBSdkjKqqlVEZYWgs=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgq SQiqLeiF48VjC00oWy203bpZhN2Z8US+je8eFDx6q/x5r9x2+agrQ8GHu/NMDMvzgTX6HnfTmlldW19o7xZ2dre2d2r7h886NQoBgFLRaraMdUguIQAOQpoZwpoEgtoxaObqd96BKV5Ku9xnEGU0IHkfc4oWikcdUOEJ8x9oyb das2rezO4y8QvSI0UaHarX2EvZSYBiUxQrTu+l2GUU4WcCZhUQqMho2xEB9CxVNIEdJTPbp64J1bpuf1U2ZLoztTfEzlNtB4nse1MKA71ojcV//M6BvuXUc5lZhAkmy/qG+Fi6k4DcHtcAUMxtoQyxe2tLhtSRRnamCo2BH/x 5WUSnNWv6v7dea1xXaRRJkfkmJwSn1yQBrklTRIQRjLyTF7Jm2OcF+fd+Zi3lpxi5pD8gfP5A9gskcE=</latexit><latexit sha1_base64="WXwRww0IpnvBSdkjKqqlVEZYWgs=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgq SQiqLeiF48VjC00oWy203bpZhN2Z8US+je8eFDx6q/x5r9x2+agrQ8GHu/NMDMvzgTX6HnfTmlldW19o7xZ2dre2d2r7h886NQoBgFLRaraMdUguIQAOQpoZwpoEgtoxaObqd96BKV5Ku9xnEGU0IHkfc4oWikcdUOEJ8x9oyb das2rezO4y8QvSI0UaHarX2EvZSYBiUxQrTu+l2GUU4WcCZhUQqMho2xEB9CxVNIEdJTPbp64J1bpuf1U2ZLoztTfEzlNtB4nse1MKA71ojcV//M6BvuXUc5lZhAkmy/qG+Fi6k4DcHtcAUMxtoQyxe2tLhtSRRnamCo2BH/x 5WUSnNWv6v7dea1xXaRRJkfkmJwSn1yQBrklTRIQRjLyTF7Jm2OcF+fd+Zi3lpxi5pD8gfP5A9gskcE=</latexit><latexit sha1_base64="WXwRww0IpnvBSdkjKqqlVEZYWgs=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgq SQiqLeiF48VjC00oWy203bpZhN2Z8US+je8eFDx6q/x5r9x2+agrQ8GHu/NMDMvzgTX6HnfTmlldW19o7xZ2dre2d2r7h886NQoBgFLRaraMdUguIQAOQpoZwpoEgtoxaObqd96BKV5Ku9xnEGU0IHkfc4oWikcdUOEJ8x9oyb das2rezO4y8QvSI0UaHarX2EvZSYBiUxQrTu+l2GUU4WcCZhUQqMho2xEB9CxVNIEdJTPbp64J1bpuf1U2ZLoztTfEzlNtB4nse1MKA71ojcV//M6BvuXUc5lZhAkmy/qG+Fi6k4DcHtcAUMxtoQyxe2tLhtSRRnamCo2BH/x 5WUSnNWv6v7dea1xXaRRJkfkmJwSn1yQBrklTRIQRjLyTF7Jm2OcF+fd+Zi3lpxi5pD8gfP5A9gskcE=</latexit><latexit sha1_base64="WXwRww0IpnvBSdkjKqqlVEZYWgs=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgq SQiqLeiF48VjC00oWy203bpZhN2Z8US+je8eFDx6q/x5r9x2+agrQ8GHu/NMDMvzgTX6HnfTmlldW19o7xZ2dre2d2r7h886NQoBgFLRaraMdUguIQAOQpoZwpoEgtoxaObqd96BKV5Ku9xnEGU0IHkfc4oWikcdUOEJ8x9oyb das2rezO4y8QvSI0UaHarX2EvZSYBiUxQrTu+l2GUU4WcCZhUQqMho2xEB9CxVNIEdJTPbp64J1bpuf1U2ZLoztTfEzlNtB4nse1MKA71ojcV//M6BvuXUc5lZhAkmy/qG+Fi6k4DcHtcAUMxtoQyxe2tLhtSRRnamCo2BH/x 5WUSnNWv6v7dea1xXaRRJkfkmJwSn1yQBrklTRIQRjLyTF7Jm2OcF+fd+Zi3lpxi5pD8gfP5A9gskcE=</latexit>
k1ul
<latexit sha1_base64="XtXYhaGI2+Fnz24g3dpPjbpKLQM=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgq SQiqLeiF48VjC00oWy203bpZhN2Z8US+je8eFDx6q/x5r9x2+agrQ8GHu/NMDMvzgTX6HnfTmlldW19o7xZ2dre2d2r7h886NQoBgFLRaraMdUguIQAOQpoZwpoEgtoxaObqd96BKV5Ku9xnEGU0IHkfc4oWikcdUOEJ8x9Iyb das2rezO4y8QvSI0UaHarX2EvZSYBiUxQrTu+l2GUU4WcCZhUQqMho2xEB9CxVNIEdJTPbp64J1bpuf1U2ZLoztTfEzlNtB4nse1MKA71ojcV//M6BvuXUc5lZhAkmy/qG+Fi6k4DcHtcAUMxtoQyxe2tLhtSRRnamCo2BH/x 5WUSnNWv6v7dea1xXaRRJkfkmJwSn1yQBrklTRIQRjLyTF7Jm2OcF+fd+Zi3lpxi5pD8gfP5A88Ukbs=</latexit><latexit sha1_base64="XtXYhaGI2+Fnz24g3dpPjbpKLQM=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgq SQiqLeiF48VjC00oWy203bpZhN2Z8US+je8eFDx6q/x5r9x2+agrQ8GHu/NMDMvzgTX6HnfTmlldW19o7xZ2dre2d2r7h886NQoBgFLRaraMdUguIQAOQpoZwpoEgtoxaObqd96BKV5Ku9xnEGU0IHkfc4oWikcdUOEJ8x9Iyb das2rezO4y8QvSI0UaHarX2EvZSYBiUxQrTu+l2GUU4WcCZhUQqMho2xEB9CxVNIEdJTPbp64J1bpuf1U2ZLoztTfEzlNtB4nse1MKA71ojcV//M6BvuXUc5lZhAkmy/qG+Fi6k4DcHtcAUMxtoQyxe2tLhtSRRnamCo2BH/x 5WUSnNWv6v7dea1xXaRRJkfkmJwSn1yQBrklTRIQRjLyTF7Jm2OcF+fd+Zi3lpxi5pD8gfP5A88Ukbs=</latexit><latexit sha1_base64="XtXYhaGI2+Fnz24g3dpPjbpKLQM=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgq SQiqLeiF48VjC00oWy203bpZhN2Z8US+je8eFDx6q/x5r9x2+agrQ8GHu/NMDMvzgTX6HnfTmlldW19o7xZ2dre2d2r7h886NQoBgFLRaraMdUguIQAOQpoZwpoEgtoxaObqd96BKV5Ku9xnEGU0IHkfc4oWikcdUOEJ8x9Iyb das2rezO4y8QvSI0UaHarX2EvZSYBiUxQrTu+l2GUU4WcCZhUQqMho2xEB9CxVNIEdJTPbp64J1bpuf1U2ZLoztTfEzlNtB4nse1MKA71ojcV//M6BvuXUc5lZhAkmy/qG+Fi6k4DcHtcAUMxtoQyxe2tLhtSRRnamCo2BH/x 5WUSnNWv6v7dea1xXaRRJkfkmJwSn1yQBrklTRIQRjLyTF7Jm2OcF+fd+Zi3lpxi5pD8gfP5A88Ukbs=</latexit><latexit sha1_base64="XtXYhaGI2+Fnz24g3dpPjbpKLQM=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgq SQiqLeiF48VjC00oWy203bpZhN2Z8US+je8eFDx6q/x5r9x2+agrQ8GHu/NMDMvzgTX6HnfTmlldW19o7xZ2dre2d2r7h886NQoBgFLRaraMdUguIQAOQpoZwpoEgtoxaObqd96BKV5Ku9xnEGU0IHkfc4oWikcdUOEJ8x9Iyb das2rezO4y8QvSI0UaHarX2EvZSYBiUxQrTu+l2GUU4WcCZhUQqMho2xEB9CxVNIEdJTPbp64J1bpuf1U2ZLoztTfEzlNtB4nse1MKA71ojcV//M6BvuXUc5lZhAkmy/qG+Fi6k4DcHtcAUMxtoQyxe2tLhtSRRnamCo2BH/x 5WUSnNWv6v7dea1xXaRRJkfkmJwSn1yQBrklTRIQRjLyTF7Jm2OcF+fd+Zi3lpxi5pD8gfP5A88Ukbs=</latexit>
k1v
<latexit sha1_base64="4LB8/ny/q/LyAhD5lAyEl 3iUYXs=">AAAB8XicbVBNS8NAEN3Ur1q/qh69BIvgqSQiqLeiF48VjBbaUDbbSbt0sxt2J8US+jO8eFDx6r/x 5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpBgFTQulWRA0ILiFAjgJaqQaaRAIe o+HN1H8cgTZcyXscpxAmtC95zBlFK7WH3Q7CE+b+aNKt1ry6N4O7TPyC1EiBZrf61ekpliUgkQlqTNv3Ugxzq pEzAZNKJzOQUjakfWhbKmkCJsxnJ0/cE6v03FhpWxLdmfp7IqeJMeMksp0JxYFZ9Kbif147w/gyzLlMMwTJ5o viTLio3On/bo9rYCjGllCmub3VZQOqKUObUsWG4C++vEyCs/pV3b87rzWuizTK5Igck1PikwvSILekSQLCiCL P5JW8Oei8OO/Ox7y15BQzh+QPnM8fA+WRRg==</latexit><latexit sha1_base64="4LB8/ny/q/LyAhD5lAyEl 3iUYXs=">AAAB8XicbVBNS8NAEN3Ur1q/qh69BIvgqSQiqLeiF48VjBbaUDbbSbt0sxt2J8US+jO8eFDx6r/x 5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpBgFTQulWRA0ILiFAjgJaqQaaRAIe o+HN1H8cgTZcyXscpxAmtC95zBlFK7WH3Q7CE+b+aNKt1ry6N4O7TPyC1EiBZrf61ekpliUgkQlqTNv3Ugxzq pEzAZNKJzOQUjakfWhbKmkCJsxnJ0/cE6v03FhpWxLdmfp7IqeJMeMksp0JxYFZ9Kbif147w/gyzLlMMwTJ5o viTLio3On/bo9rYCjGllCmub3VZQOqKUObUsWG4C++vEyCs/pV3b87rzWuizTK5Igck1PikwvSILekSQLCiCL P5JW8Oei8OO/Ox7y15BQzh+QPnM8fA+WRRg==</latexit><latexit sha1_base64="4LB8/ny/q/LyAhD5lAyEl 3iUYXs=">AAAB8XicbVBNS8NAEN3Ur1q/qh69BIvgqSQiqLeiF48VjBbaUDbbSbt0sxt2J8US+jO8eFDx6r/x 5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpBgFTQulWRA0ILiFAjgJaqQaaRAIe o+HN1H8cgTZcyXscpxAmtC95zBlFK7WH3Q7CE+b+aNKt1ry6N4O7TPyC1EiBZrf61ekpliUgkQlqTNv3Ugxzq pEzAZNKJzOQUjakfWhbKmkCJsxnJ0/cE6v03FhpWxLdmfp7IqeJMeMksp0JxYFZ9Kbif147w/gyzLlMMwTJ5o viTLio3On/bo9rYCjGllCmub3VZQOqKUObUsWG4C++vEyCs/pV3b87rzWuizTK5Igck1PikwvSILekSQLCiCL P5JW8Oei8OO/Ox7y15BQzh+QPnM8fA+WRRg==</latexit><latexit sha1_base64="4LB8/ny/q/LyAhD5lAyEl 3iUYXs=">AAAB8XicbVBNS8NAEN3Ur1q/qh69BIvgqSQiqLeiF48VjBbaUDbbSbt0sxt2J8US+jO8eFDx6r/x 5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpBgFTQulWRA0ILiFAjgJaqQaaRAIe o+HN1H8cgTZcyXscpxAmtC95zBlFK7WH3Q7CE+b+aNKt1ry6N4O7TPyC1EiBZrf61ekpliUgkQlqTNv3Ugxzq pEzAZNKJzOQUjakfWhbKmkCJsxnJ0/cE6v03FhpWxLdmfp7IqeJMeMksp0JxYFZ9Kbif147w/gyzLlMMwTJ5o viTLio3On/bo9rYCjGllCmub3VZQOqKUObUsWG4C++vEyCs/pV3b87rzWuizTK5Igck1PikwvSILekSQLCiCL P5JW8Oei8OO/Ox7y15BQzh+QPnM8fA+WRRg==</latexit>
IIIIII
v1 v2 v1
WH
<latexit sha1_base64="xzTLfx6REoJpF4mNC2ky8ORPeos=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU 0lE0GPRS48V7Ie0oWy2m3bpZhN2J2IJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//ci1EbG6x0nC/YgOlQgFo2ilhx7yJ8za9Wm /XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGz+cFTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZl9TwZCc4ZyYgllWthbCRtRTRnajEo2BG/5 5VXSuqh6btW7u6zUbvI4inACp3AOHlxBDerQgCYwiOAZXuHN0c6L8+58LFoLTj5zDH/gfP4ACfOQjA==</latexit><latexit sha1_base64="xzTLfx6REoJpF4mNC2ky8ORPeos=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU 0lE0GPRS48V7Ie0oWy2m3bpZhN2J2IJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//ci1EbG6x0nC/YgOlQgFo2ilhx7yJ8za9Wm /XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGz+cFTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZl9TwZCc4ZyYgllWthbCRtRTRnajEo2BG/5 5VXSuqh6btW7u6zUbvI4inACp3AOHlxBDerQgCYwiOAZXuHN0c6L8+58LFoLTj5zDH/gfP4ACfOQjA==</latexit><latexit sha1_base64="xzTLfx6REoJpF4mNC2ky8ORPeos=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU 0lE0GPRS48V7Ie0oWy2m3bpZhN2J2IJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//ci1EbG6x0nC/YgOlQgFo2ilhx7yJ8za9Wm /XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGz+cFTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZl9TwZCc4ZyYgllWthbCRtRTRnajEo2BG/5 5VXSuqh6btW7u6zUbvI4inACp3AOHlxBDerQgCYwiOAZXuHN0c6L8+58LFoLTj5zDH/gfP4ACfOQjA==</latexit><latexit sha1_base64="xzTLfx6REoJpF4mNC2ky8ORPeos=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU 0lE0GPRS48V7Ie0oWy2m3bpZhN2J2IJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//ci1EbG6x0nC/YgOlQgFo2ilhx7yJ8za9Wm /XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGz+cFTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZl9TwZCc4ZyYgllWthbCRtRTRnajEo2BG/5 5VXSuqh6btW7u6zUbvI4inACp3AOHlxBDerQgCYwiOAZXuHN0c6L8+58LFoLTj5zDH/gfP4ACfOQjA==</latexit>
BH
<latexit sha1_base64="N68cVfpW8pqglK4pl7pr/r9fJvU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU 0lE0GOplx4r2FZpQ9lsN+3SzSbsTsQS+iu8eFDEqz/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMb6PqCGS6F4CwVKfp9oTqNA8k4wvpn5nUeujYjVHU4S7kd0qEQoGEUrPfSQP2FWb0z 75Ypbdecgq8TLSQVyNPvlr94gZmnEFTJJjel6boJ+RjUKJvm01EsNTygb0yHvWqpoxI2fzQ+ekjOrDEgYa1sKyVz9PZHRyJhJFNjOiOLILHsz8T+vm2J47WdCJSlyxRaLwlQSjMnsezIQmjOUE0so08LeStiIasrQZlSyIXjL L6+S9kXVc6ve7WWlVs/jKMIJnMI5eHAFNWhAE1rAIIJneIU3RzsvzrvzsWgtOPnMMfyB8/kD6eaQdw==</latexit><latexit sha1_base64="N68cVfpW8pqglK4pl7pr/r9fJvU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU 0lE0GOplx4r2FZpQ9lsN+3SzSbsTsQS+iu8eFDEqz/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMb6PqCGS6F4CwVKfp9oTqNA8k4wvpn5nUeujYjVHU4S7kd0qEQoGEUrPfSQP2FWb0z 75Ypbdecgq8TLSQVyNPvlr94gZmnEFTJJjel6boJ+RjUKJvm01EsNTygb0yHvWqpoxI2fzQ+ekjOrDEgYa1sKyVz9PZHRyJhJFNjOiOLILHsz8T+vm2J47WdCJSlyxRaLwlQSjMnsezIQmjOUE0so08LeStiIasrQZlSyIXjL L6+S9kXVc6ve7WWlVs/jKMIJnMI5eHAFNWhAE1rAIIJneIU3RzsvzrvzsWgtOPnMMfyB8/kD6eaQdw==</latexit><latexit sha1_base64="N68cVfpW8pqglK4pl7pr/r9fJvU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU 0lE0GOplx4r2FZpQ9lsN+3SzSbsTsQS+iu8eFDEqz/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMb6PqCGS6F4CwVKfp9oTqNA8k4wvpn5nUeujYjVHU4S7kd0qEQoGEUrPfSQP2FWb0z 75Ypbdecgq8TLSQVyNPvlr94gZmnEFTJJjel6boJ+RjUKJvm01EsNTygb0yHvWqpoxI2fzQ+ekjOrDEgYa1sKyVz9PZHRyJhJFNjOiOLILHsz8T+vm2J47WdCJSlyxRaLwlQSjMnsezIQmjOUE0so08LeStiIasrQZlSyIXjL L6+S9kXVc6ve7WWlVs/jKMIJnMI5eHAFNWhAE1rAIIJneIU3RzsvzrvzsWgtOPnMMfyB8/kD6eaQdw==</latexit><latexit sha1_base64="N68cVfpW8pqglK4pl7pr/r9fJvU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU 0lE0GOplx4r2FZpQ9lsN+3SzSbsTsQS+iu8eFDEqz/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMb6PqCGS6F4CwVKfp9oTqNA8k4wvpn5nUeujYjVHU4S7kd0qEQoGEUrPfSQP2FWb0z 75Ypbdecgq8TLSQVyNPvlr94gZmnEFTJJjel6boJ+RjUKJvm01EsNTygb0yHvWqpoxI2fzQ+ekjOrDEgYa1sKyVz9PZHRyJhJFNjOiOLILHsz8T+vm2J47WdCJSlyxRaLwlQSjMnsezIQmjOUE0so08LeStiIasrQZlSyIXjL L6+S9kXVc6ve7WWlVs/jKMIJnMI5eHAFNWhAE1rAIIJneIU3RzsvzrvzsWgtOPnMMfyB8/kD6eaQdw==</latexit>
k1u
<latexit sha1_base64="poNfwXmbvgpRNbcpjS89/MbyH/0=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU 0lE0GPRi8cK9gPSUDbbSbt0kw27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco0hxZXUuluyAxIkUALBUrophpYHErohOPbmd95BG2ESh5wkkIQs2EiIsEZWskf93sIT5h72bR frbl1dw66SryC1EiBZr/61RsonsWQIJfMGN9zUwxyplFwCdNKLzOQMj5mQ/AtTVgMJsjnJ0/pmVUGNFLaVoJ0rv6eyFlszCQObWfMcGSWvZn4n+dnGF0HuUjSDCHhi0VRJikqOvufDoQGjnJiCeNa2FspHzHNONqUKjYEb/nl VdK+qHtu3bu/rDVuijjK5IScknPikSvSIHekSVqEE0WeySt5c9B5cd6dj0VrySlmjskfOJ8/mBaRcQ==</latexit><latexit sha1_base64="poNfwXmbvgpRNbcpjS89/MbyH/0=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU 0lE0GPRi8cK9gPSUDbbSbt0kw27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco0hxZXUuluyAxIkUALBUrophpYHErohOPbmd95BG2ESh5wkkIQs2EiIsEZWskf93sIT5h72bR frbl1dw66SryC1EiBZr/61RsonsWQIJfMGN9zUwxyplFwCdNKLzOQMj5mQ/AtTVgMJsjnJ0/pmVUGNFLaVoJ0rv6eyFlszCQObWfMcGSWvZn4n+dnGF0HuUjSDCHhi0VRJikqOvufDoQGjnJiCeNa2FspHzHNONqUKjYEb/nl VdK+qHtu3bu/rDVuijjK5IScknPikSvSIHekSVqEE0WeySt5c9B5cd6dj0VrySlmjskfOJ8/mBaRcQ==</latexit><latexit sha1_base64="poNfwXmbvgpRNbcpjS89/MbyH/0=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU 0lE0GPRi8cK9gPSUDbbSbt0kw27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco0hxZXUuluyAxIkUALBUrophpYHErohOPbmd95BG2ESh5wkkIQs2EiIsEZWskf93sIT5h72bR frbl1dw66SryC1EiBZr/61RsonsWQIJfMGN9zUwxyplFwCdNKLzOQMj5mQ/AtTVgMJsjnJ0/pmVUGNFLaVoJ0rv6eyFlszCQObWfMcGSWvZn4n+dnGF0HuUjSDCHhi0VRJikqOvufDoQGjnJiCeNa2FspHzHNONqUKjYEb/nl VdK+qHtu3bu/rDVuijjK5IScknPikSvSIHekSVqEE0WeySt5c9B5cd6dj0VrySlmjskfOJ8/mBaRcQ==</latexit><latexit sha1_base64="poNfwXmbvgpRNbcpjS89/MbyH/0=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU 0lE0GPRi8cK9gPSUDbbSbt0kw27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco0hxZXUuluyAxIkUALBUrophpYHErohOPbmd95BG2ESh5wkkIQs2EiIsEZWskf93sIT5h72bR frbl1dw66SryC1EiBZr/61RsonsWQIJfMGN9zUwxyplFwCdNKLzOQMj5mQ/AtTVgMJsjnJ0/pmVUGNFLaVoJ0rv6eyFlszCQObWfMcGSWvZn4n+dnGF0HuUjSDCHhi0VRJikqOvufDoQGjnJiCeNa2FspHzHNONqUKjYEb/nl VdK+qHtu3bu/rDVuijjK5IScknPikSvSIHekSVqEE0WeySt5c9B5cd6dj0VrySlmjskfOJ8/mBaRcQ==</latexit>
k1u
<latexit sha1_base64="poNfwXmbvgpRNbcpjS89/ MbyH/0=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbSbt0kw27E7GE/gwvHhTx6q/x 5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco0hxZXUuluyAxIkUALBUrophpYHEro hOPbmd95BG2ESh5wkkIQs2EiIsEZWskf93sIT5h72bRfrbl1dw66SryC1EiBZr/61RsonsWQIJfMGN9zUwxyp lFwCdNKLzOQMj5mQ/AtTVgMJsjnJ0/pmVUGNFLaVoJ0rv6eyFlszCQObWfMcGSWvZn4n+dnGF0HuUjSDCHhi0 VRJikqOvufDoQGjnJiCeNa2FspHzHNONqUKjYEb/nlVdK+qHtu3bu/rDVuijjK5IScknPikSvSIHekSVqEE0W eySt5c9B5cd6dj0VrySlmjskfOJ8/mBaRcQ==</latexit><latexit sha1_base64="poNfwXmbvgpRNbcpjS89/ MbyH/0=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbSbt0kw27E7GE/gwvHhTx6q/x 5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco0hxZXUuluyAxIkUALBUrophpYHEro hOPbmd95BG2ESh5wkkIQs2EiIsEZWskf93sIT5h72bRfrbl1dw66SryC1EiBZr/61RsonsWQIJfMGN9zUwxyp lFwCdNKLzOQMj5mQ/AtTVgMJsjnJ0/pmVUGNFLaVoJ0rv6eyFlszCQObWfMcGSWvZn4n+dnGF0HuUjSDCHhi0 VRJikqOvufDoQGjnJiCeNa2FspHzHNONqUKjYEb/nlVdK+qHtu3bu/rDVuijjK5IScknPikSvSIHekSVqEE0W eySt5c9B5cd6dj0VrySlmjskfOJ8/mBaRcQ==</latexit><latexit sha1_base64="poNfwXmbvgpRNbcpjS89/ MbyH/0=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbSbt0kw27E7GE/gwvHhTx6q/x 5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco0hxZXUuluyAxIkUALBUrophpYHEro hOPbmd95BG2ESh5wkkIQs2EiIsEZWskf93sIT5h72bRfrbl1dw66SryC1EiBZr/61RsonsWQIJfMGN9zUwxyp lFwCdNKLzOQMj5mQ/AtTVgMJsjnJ0/pmVUGNFLaVoJ0rv6eyFlszCQObWfMcGSWvZn4n+dnGF0HuUjSDCHhi0 VRJikqOvufDoQGjnJiCeNa2FspHzHNONqUKjYEb/nlVdK+qHtu3bu/rDVuijjK5IScknPikSvSIHekSVqEE0W eySt5c9B5cd6dj0VrySlmjskfOJ8/mBaRcQ==</latexit><latexit sha1_base64="poNfwXmbvgpRNbcpjS89/ MbyH/0=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbSbt0kw27E7GE/gwvHhTx6q/x 5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco0hxZXUuluyAxIkUALBUrophpYHEro hOPbmd95BG2ESh5wkkIQs2EiIsEZWskf93sIT5h72bRfrbl1dw66SryC1EiBZr/61RsonsWQIJfMGN9zUwxyp lFwCdNKLzOQMj5mQ/AtTVgMJsjnJ0/pmVUGNFLaVoJ0rv6eyFlszCQObWfMcGSWvZn4n+dnGF0HuUjSDCHhi0 VRJikqOvufDoQGjnJiCeNa2FspHzHNONqUKjYEb/nlVdK+qHtu3bu/rDVuijjK5IScknPikSvSIHekSVqEE0W eySt5c9B5cd6dj0VrySlmjskfOJ8/mBaRcQ==</latexit>
k2u
<latexit sha1_base64="0y6kekcnVpUauA+/Hu36MzEvKxs=">AAAB8nicbVBNS8NAEN34WetX1aOXYBE8l aQIeix68VjBfkAaymY7aZdudsPuRCyhP8OLB0W8+mu8+W/ctjlo64OBx3szzMyLUsENet63s7a+sbm1Xdop7+7tHxxWjo7bRmWaQYspoXQ3ogYEl9BCjgK6qQaaRAI60fh25nceQRuu5ANOUggTOpQ85oyilYJxv4fwhHk9m/Y rVa/mzeGuEr8gVVKg2a989QaKZQlIZIIaE/heimFONXImYFruZQZSysZ0CIGlkiZgwnx+8tQ9t8rAjZW2JdGdq78ncpoYM0ki25lQHJllbyb+5wUZxtdhzmWaIUi2WBRnwkXlzv53B1wDQzGxhDLN7a0uG1FNGdqUyjYEf/nl VdKu13yv5t9fVhs3RRwlckrOyAXxyRVpkDvSJC3CiCLP5JW8Oei8OO/Ox6J1zSlmTsgfOJ8/mZyRcg==</latexit><latexit sha1_base64="0y6kekcnVpUauA+/Hu36MzEvKxs=">AAAB8nicbVBNS8NAEN34WetX1aOXYBE8l aQIeix68VjBfkAaymY7aZdudsPuRCyhP8OLB0W8+mu8+W/ctjlo64OBx3szzMyLUsENet63s7a+sbm1Xdop7+7tHxxWjo7bRmWaQYspoXQ3ogYEl9BCjgK6qQaaRAI60fh25nceQRuu5ANOUggTOpQ85oyilYJxv4fwhHk9m/Y rVa/mzeGuEr8gVVKg2a989QaKZQlIZIIaE/heimFONXImYFruZQZSysZ0CIGlkiZgwnx+8tQ9t8rAjZW2JdGdq78ncpoYM0ki25lQHJllbyb+5wUZxtdhzmWaIUi2WBRnwkXlzv53B1wDQzGxhDLN7a0uG1FNGdqUyjYEf/nl VdKu13yv5t9fVhs3RRwlckrOyAXxyRVpkDvSJC3CiCLP5JW8Oei8OO/Ox6J1zSlmTsgfOJ8/mZyRcg==</latexit><latexit sha1_base64="0y6kekcnVpUauA+/Hu36MzEvKxs=">AAAB8nicbVBNS8NAEN34WetX1aOXYBE8l aQIeix68VjBfkAaymY7aZdudsPuRCyhP8OLB0W8+mu8+W/ctjlo64OBx3szzMyLUsENet63s7a+sbm1Xdop7+7tHxxWjo7bRmWaQYspoXQ3ogYEl9BCjgK6qQaaRAI60fh25nceQRuu5ANOUggTOpQ85oyilYJxv4fwhHk9m/Y rVa/mzeGuEr8gVVKg2a989QaKZQlIZIIaE/heimFONXImYFruZQZSysZ0CIGlkiZgwnx+8tQ9t8rAjZW2JdGdq78ncpoYM0ki25lQHJllbyb+5wUZxtdhzmWaIUi2WBRnwkXlzv53B1wDQzGxhDLN7a0uG1FNGdqUyjYEf/nl VdKu13yv5t9fVhs3RRwlckrOyAXxyRVpkDvSJC3CiCLP5JW8Oei8OO/Ox6J1zSlmTsgfOJ8/mZyRcg==</latexit><latexit sha1_base64="0y6kekcnVpUauA+/Hu36MzEvKxs=">AAAB8nicbVBNS8NAEN34WetX1aOXYBE8l aQIeix68VjBfkAaymY7aZdudsPuRCyhP8OLB0W8+mu8+W/ctjlo64OBx3szzMyLUsENet63s7a+sbm1Xdop7+7tHxxWjo7bRmWaQYspoXQ3ogYEl9BCjgK6qQaaRAI60fh25nceQRuu5ANOUggTOpQ85oyilYJxv4fwhHk9m/Y rVa/mzeGuEr8gVVKg2a989QaKZQlIZIIaE/heimFONXImYFruZQZSysZ0CIGlkiZgwnx+8tQ9t8rAjZW2JdGdq78ncpoYM0ki25lQHJllbyb+5wUZxtdhzmWaIUi2WBRnwkXlzv53B1wDQzGxhDLN7a0uG1FNGdqUyjYEf/nl VdKu13yv5t9fVhs3RRwlckrOyAXxyRVpkDvSJC3CiCLP5JW8Oei8OO/Ox6J1zSlmTsgfOJ8/mZyRcg==</latexit>
k1ur
<latexit sha1_base64="WXwRww0IpnvBSdkjKqqlV EZYWgs=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgqSQiqLeiF48VjC00oWy203bpZhN2Z8US+je8eFDx6q/x 5r9x2+agrQ8GHu/NMDMvzgTX6HnfTmlldW19o7xZ2dre2d2r7h886NQoBgFLRaraMdUguIQAOQpoZwpoEgto xaObqd96BKV5Ku9xnEGU0IHkfc4oWikcdUOEJ8x9oybdas2rezO4y8QvSI0UaHarX2EvZSYBiUxQrTu+l2GUU 4WcCZhUQqMho2xEB9CxVNIEdJTPbp64J1bpuf1U2ZLoztTfEzlNtB4nse1MKA71ojcV//M6BvuXUc5lZhAkmy /qG+Fi6k4DcHtcAUMxtoQyxe2tLhtSRRnamCo2BH/x5WUSnNWv6v7dea1xXaRRJkfkmJwSn1yQBrklTRIQRjL yTF7Jm2OcF+fd+Zi3lpxi5pD8gfP5A9gskcE=</latexit><latexit sha1_base64="WXwRww0IpnvBSdkjKqqlV EZYWgs=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgqSQiqLeiF48VjC00oWy203bpZhN2Z8US+je8eFDx6q/x 5r9x2+agrQ8GHu/NMDMvzgTX6HnfTmlldW19o7xZ2dre2d2r7h886NQoBgFLRaraMdUguIQAOQpoZwpoEgto xaObqd96BKV5Ku9xnEGU0IHkfc4oWikcdUOEJ8x9oybdas2rezO4y8QvSI0UaHarX2EvZSYBiUxQrTu+l2GUU 4WcCZhUQqMho2xEB9CxVNIEdJTPbp64J1bpuf1U2ZLoztTfEzlNtB4nse1MKA71ojcV//M6BvuXUc5lZhAkmy /qG+Fi6k4DcHtcAUMxtoQyxe2tLhtSRRnamCo2BH/x5WUSnNWv6v7dea1xXaRRJkfkmJwSn1yQBrklTRIQRjL yTF7Jm2OcF+fd+Zi3lpxi5pD8gfP5A9gskcE=</latexit><latexit sha1_base64="WXwRww0IpnvBSdkjKqqlV EZYWgs=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgqSQiqLeiF48VjC00oWy203bpZhN2Z8US+je8eFDx6q/x 5r9x2+agrQ8GHu/NMDMvzgTX6HnfTmlldW19o7xZ2dre2d2r7h886NQoBgFLRaraMdUguIQAOQpoZwpoEgto xaObqd96BKV5Ku9xnEGU0IHkfc4oWikcdUOEJ8x9oybdas2rezO4y8QvSI0UaHarX2EvZSYBiUxQrTu+l2GUU 4WcCZhUQqMho2xEB9CxVNIEdJTPbp64J1bpuf1U2ZLoztTfEzlNtB4nse1MKA71ojcV//M6BvuXUc5lZhAkmy /qG+Fi6k4DcHtcAUMxtoQyxe2tLhtSRRnamCo2BH/x5WUSnNWv6v7dea1xXaRRJkfkmJwSn1yQBrklTRIQRjL yTF7Jm2OcF+fd+Zi3lpxi5pD8gfP5A9gskcE=</latexit><latexit sha1_base64="WXwRww0IpnvBSdkjKqqlV EZYWgs=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgqSQiqLeiF48VjC00oWy203bpZhN2Z8US+je8eFDx6q/x 5r9x2+agrQ8GHu/NMDMvzgTX6HnfTmlldW19o7xZ2dre2d2r7h886NQoBgFLRaraMdUguIQAOQpoZwpoEgto xaObqd96BKV5Ku9xnEGU0IHkfc4oWikcdUOEJ8x9oybdas2rezO4y8QvSI0UaHarX2EvZSYBiUxQrTu+l2GUU 4WcCZhUQqMho2xEB9CxVNIEdJTPbp64J1bpuf1U2ZLoztTfEzlNtB4nse1MKA71ojcV//M6BvuXUc5lZhAkmy /qG+Fi6k4DcHtcAUMxtoQyxe2tLhtSRRnamCo2BH/x5WUSnNWv6v7dea1xXaRRJkfkmJwSn1yQBrklTRIQRjL yTF7Jm2OcF+fd+Zi3lpxi5pD8gfP5A9gskcE=</latexit>
k1ul
<latexit sha1_base64="XtXYhaGI2+Fnz24g3dpPj bpKLQM=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgqSQiqLeiF48VjC00oWy203bpZhN2Z8US+je8eFDx6q/x 5r9x2+agrQ8GHu/NMDMvzgTX6HnfTmlldW19o7xZ2dre2d2r7h886NQoBgFLRaraMdUguIQAOQpoZwpoEgto xaObqd96BKV5Ku9xnEGU0IHkfc4oWikcdUOEJ8x9Iybdas2rezO4y8QvSI0UaHarX2EvZSYBiUxQrTu+l2GUU 4WcCZhUQqMho2xEB9CxVNIEdJTPbp64J1bpuf1U2ZLoztTfEzlNtB4nse1MKA71ojcV//M6BvuXUc5lZhAkmy /qG+Fi6k4DcHtcAUMxtoQyxe2tLhtSRRnamCo2BH/x5WUSnNWv6v7dea1xXaRRJkfkmJwSn1yQBrklTRIQRjL yTF7Jm2OcF+fd+Zi3lpxi5pD8gfP5A88Ukbs=</latexit><latexit sha1_base64="XtXYhaGI2+Fnz24g3dpPj bpKLQM=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgqSQiqLeiF48VjC00oWy203bpZhN2Z8US+je8eFDx6q/x 5r9x2+agrQ8GHu/NMDMvzgTX6HnfTmlldW19o7xZ2dre2d2r7h886NQoBgFLRaraMdUguIQAOQpoZwpoEgto xaObqd96BKV5Ku9xnEGU0IHkfc4oWikcdUOEJ8x9Iybdas2rezO4y8QvSI0UaHarX2EvZSYBiUxQrTu+l2GUU 4WcCZhUQqMho2xEB9CxVNIEdJTPbp64J1bpuf1U2ZLoztTfEzlNtB4nse1MKA71ojcV//M6BvuXUc5lZhAkmy /qG+Fi6k4DcHtcAUMxtoQyxe2tLhtSRRnamCo2BH/x5WUSnNWv6v7dea1xXaRRJkfkmJwSn1yQBrklTRIQRjL yTF7Jm2OcF+fd+Zi3lpxi5pD8gfP5A88Ukbs=</latexit><latexit sha1_base64="XtXYhaGI2+Fnz24g3dpPj bpKLQM=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgqSQiqLeiF48VjC00oWy203bpZhN2Z8US+je8eFDx6q/x 5r9x2+agrQ8GHu/NMDMvzgTX6HnfTmlldW19o7xZ2dre2d2r7h886NQoBgFLRaraMdUguIQAOQpoZwpoEgto xaObqd96BKV5Ku9xnEGU0IHkfc4oWikcdUOEJ8x9Iybdas2rezO4y8QvSI0UaHarX2EvZSYBiUxQrTu+l2GUU 4WcCZhUQqMho2xEB9CxVNIEdJTPbp64J1bpuf1U2ZLoztTfEzlNtB4nse1MKA71ojcV//M6BvuXUc5lZhAkmy /qG+Fi6k4DcHtcAUMxtoQyxe2tLhtSRRnamCo2BH/x5WUSnNWv6v7dea1xXaRRJkfkmJwSn1yQBrklTRIQRjL yTF7Jm2OcF+fd+Zi3lpxi5pD8gfP5A88Ukbs=</latexit><latexit sha1_base64="XtXYhaGI2+Fnz24g3dpPj bpKLQM=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgqSQiqLeiF48VjC00oWy203bpZhN2Z8US+je8eFDx6q/x 5r9x2+agrQ8GHu/NMDMvzgTX6HnfTmlldW19o7xZ2dre2d2r7h886NQoBgFLRaraMdUguIQAOQpoZwpoEgto xaObqd96BKV5Ku9xnEGU0IHkfc4oWikcdUOEJ8x9Iybdas2rezO4y8QvSI0UaHarX2EvZSYBiUxQrTu+l2GUU 4WcCZhUQqMho2xEB9CxVNIEdJTPbp64J1bpuf1U2ZLoztTfEzlNtB4nse1MKA71ojcV//M6BvuXUc5lZhAkmy /qG+Fi6k4DcHtcAUMxtoQyxe2tLhtSRRnamCo2BH/x5WUSnNWv6v7dea1xXaRRJkfkmJwSn1yQBrklTRIQRjL yTF7Jm2OcF+fd+Zi3lpxi5pD8gfP5A88Ukbs=</latexit> C3 = 0
<latexit sha1_base64="fRLayEz3t49Uj+u4xc/oEMX0z00=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU 0lU0ItQ7MVjBdMW2lA22027dLMJuxOhlP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0ylMOi6305hbX1jc6u4XdrZ3ds/KB8eNU2SacZ9lshEt0NquBSK+yhQ8naqOY1DyVvhqD7zW09cG5GoRxynPIjpQIlIMIpW8uu9y1u3V66 4VXcOskq8nFQgR6NX/ur2E5bFXCGT1JiO56YYTKhGwSSflrqZ4SllIzrgHUsVjbkJJvNjp+TMKn0SJdqWQjJXf09MaGzMOA5tZ0xxaJa9mfif18kwugkmQqUZcsUWi6JMEkzI7HPSF5ozlGNLKNPC3krYkGrK0OZTsiF4yy+v kuZF1XOr3sNVpXaXx1GEEziFc/DgGmpwDw3wgYGAZ3iFN0c5L86787FoLTj5zDH8gfP5A67nje4=</latexit><latexit sha1_base64="fRLayEz3t49Uj+u4xc/oEMX0z00=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU 0lU0ItQ7MVjBdMW2lA22027dLMJuxOhlP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0ylMOi6305hbX1jc6u4XdrZ3ds/KB8eNU2SacZ9lshEt0NquBSK+yhQ8naqOY1DyVvhqD7zW09cG5GoRxynPIjpQIlIMIpW8uu9y1u3V66 4VXcOskq8nFQgR6NX/ur2E5bFXCGT1JiO56YYTKhGwSSflrqZ4SllIzrgHUsVjbkJJvNjp+TMKn0SJdqWQjJXf09MaGzMOA5tZ0xxaJa9mfif18kwugkmQqUZcsUWi6JMEkzI7HPSF5ozlGNLKNPC3krYkGrK0OZTsiF4yy+v kuZF1XOr3sNVpXaXx1GEEziFc/DgGmpwDw3wgYGAZ3iFN0c5L86787FoLTj5zDH8gfP5A67nje4=</latexit><latexit sha1_base64="fRLayEz3t49Uj+u4xc/oEMX0z00=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU 0lU0ItQ7MVjBdMW2lA22027dLMJuxOhlP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0ylMOi6305hbX1jc6u4XdrZ3ds/KB8eNU2SacZ9lshEt0NquBSK+yhQ8naqOY1DyVvhqD7zW09cG5GoRxynPIjpQIlIMIpW8uu9y1u3V66 4VXcOskq8nFQgR6NX/ur2E5bFXCGT1JiO56YYTKhGwSSflrqZ4SllIzrgHUsVjbkJJvNjp+TMKn0SJdqWQjJXf09MaGzMOA5tZ0xxaJa9mfif18kwugkmQqUZcsUWi6JMEkzI7HPSF5ozlGNLKNPC3krYkGrK0OZTsiF4yy+v kuZF1XOr3sNVpXaXx1GEEziFc/DgGmpwDw3wgYGAZ3iFN0c5L86787FoLTj5zDH8gfP5A67nje4=</latexit><latexit sha1_base64="fRLayEz3t49Uj+u4xc/oEMX0z00=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU 0lU0ItQ7MVjBdMW2lA22027dLMJuxOhlP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0ylMOi6305hbX1jc6u4XdrZ3ds/KB8eNU2SacZ9lshEt0NquBSK+yhQ8naqOY1DyVvhqD7zW09cG5GoRxynPIjpQIlIMIpW8uu9y1u3V66 4VXcOskq8nFQgR6NX/ur2E5bFXCGT1JiO56YYTKhGwSSflrqZ4SllIzrgHUsVjbkJJvNjp+TMKn0SJdqWQjJXf09MaGzMOA5tZ0xxaJa9mfif18kwugkmQqUZcsUWi6JMEkzI7HPSF5ozlGNLKNPC3krYkGrK0OZTsiF4yy+v kuZF1XOr3sNVpXaXx1GEEziFc/DgGmpwDw3wgYGAZ3iFN0c5L86787FoLTj5zDH8gfP5A67nje4=</latexit>
C4 = 0
<latexit sha1_base64="O9sQDDTiS0i9T+K68MSqEduOGcA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU 0mkoBeh2IvHCqYttKFstpN26WYTdjdCKf0NXjwo4tUf5M1/47bNQVsfDDzem2FmXpgKro3rfjuFjc2t7Z3ibmlv/+DwqHx80tJJphj6LBGJ6oRUo+ASfcONwE6qkMahwHY4bsz99hMqzRP5aCYpBjEdSh5xRo2V/Ea/duv2yxW 36i5A1omXkwrkaPbLX71BwrIYpWGCat313NQEU6oMZwJnpV6mMaVsTIfYtVTSGHUwXRw7IxdWGZAoUbakIQv198SUxlpP4tB2xtSM9Ko3F//zupmJboIpl2lmULLloigTxCRk/jkZcIXMiIkllClubyVsRBVlxuZTsiF4qy+v k9ZV1XOr3kOtUr/L4yjCGZzDJXhwDXW4hyb4wIDDM7zCmyOdF+fd+Vi2Fpx85hT+wPn8AbBtje8=</latexit><latexit sha1_base64="O9sQDDTiS0i9T+K68MSqEduOGcA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU 0mkoBeh2IvHCqYttKFstpN26WYTdjdCKf0NXjwo4tUf5M1/47bNQVsfDDzem2FmXpgKro3rfjuFjc2t7Z3ibmlv/+DwqHx80tJJphj6LBGJ6oRUo+ASfcONwE6qkMahwHY4bsz99hMqzRP5aCYpBjEdSh5xRo2V/Ea/duv2yxW 36i5A1omXkwrkaPbLX71BwrIYpWGCat313NQEU6oMZwJnpV6mMaVsTIfYtVTSGHUwXRw7IxdWGZAoUbakIQv198SUxlpP4tB2xtSM9Ko3F//zupmJboIpl2lmULLloigTxCRk/jkZcIXMiIkllClubyVsRBVlxuZTsiF4qy+v k9ZV1XOr3kOtUr/L4yjCGZzDJXhwDXW4hyb4wIDDM7zCmyOdF+fd+Vi2Fpx85hT+wPn8AbBtje8=</latexit><latexit sha1_base64="O9sQDDTiS0i9T+K68MSqEduOGcA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU 0mkoBeh2IvHCqYttKFstpN26WYTdjdCKf0NXjwo4tUf5M1/47bNQVsfDDzem2FmXpgKro3rfjuFjc2t7Z3ibmlv/+DwqHx80tJJphj6LBGJ6oRUo+ASfcONwE6qkMahwHY4bsz99hMqzRP5aCYpBjEdSh5xRo2V/Ea/duv2yxW 36i5A1omXkwrkaPbLX71BwrIYpWGCat313NQEU6oMZwJnpV6mMaVsTIfYtVTSGHUwXRw7IxdWGZAoUbakIQv198SUxlpP4tB2xtSM9Ko3F//zupmJboIpl2lmULLloigTxCRk/jkZcIXMiIkllClubyVsRBVlxuZTsiF4qy+v k9ZV1XOr3kOtUr/L4yjCGZzDJXhwDXW4hyb4wIDDM7zCmyOdF+fd+Vi2Fpx85hT+wPn8AbBtje8=</latexit><latexit sha1_base64="O9sQDDTiS0i9T+K68MSqEduOGcA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU 0mkoBeh2IvHCqYttKFstpN26WYTdjdCKf0NXjwo4tUf5M1/47bNQVsfDDzem2FmXpgKro3rfjuFjc2t7Z3ibmlv/+DwqHx80tJJphj6LBGJ6oRUo+ASfcONwE6qkMahwHY4bsz99hMqzRP5aCYpBjEdSh5xRo2V/Ea/duv2yxW 36i5A1omXkwrkaPbLX71BwrIYpWGCat313NQEU6oMZwJnpV6mMaVsTIfYtVTSGHUwXRw7IxdWGZAoUbakIQv198SUxlpP4tB2xtSM9Ko3F//zupmJboIpl2lmULLloigTxCRk/jkZcIXMiIkllClubyVsRBVlxuZTsiF4qy+v k9ZV1XOr3kOtUr/L4yjCGZzDJXhwDXW4hyb4wIDDM7zCmyOdF+fd+Vi2Fpx85hT+wPn8AbBtje8=</latexit>
C1 = 1
<latexit sha1_base64="qew7vOV3fhlqgR006GdsMLWrEWw=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgq WxE0ItQ7MVjBbcttEvJptk2NJtdkqxQlv4GLx4U8eoP8ua/MW33oNUHA4/3ZpiZF6ZSGOt5X6i0tr6xuVXeruzs7u0fVA+P2ibJNOM+S2SiuyE1XArFfSus5N1UcxqHknfCSXPudx65NiJRD3aa8iCmIyUiwah1kt8ckBsyqNa 8urcA/ktIQWpQoDWofvaHCctiriyT1Jge8VIb5FRbwSSfVfqZ4SllEzriPUcVjbkJ8sWxM3zmlCGOEu1KWbxQf07kNDZmGoeuM6Z2bFa9ufif18tsdB3kQqWZ5YotF0WZxDbB88/xUGjOrJw6QpkW7lbMxlRTZl0+FRcCWX35 L2lf1IlXJ/eXtcZtEUcZTuAUzoHAFTTgDlrgAwMBT/ACr0ihZ/SG3petJVTMHMMvoI9vrV+N7Q==</latexit><latexit sha1_base64="qew7vOV3fhlqgR006GdsMLWrEWw=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgq WxE0ItQ7MVjBbcttEvJptk2NJtdkqxQlv4GLx4U8eoP8ua/MW33oNUHA4/3ZpiZF6ZSGOt5X6i0tr6xuVXeruzs7u0fVA+P2ibJNOM+S2SiuyE1XArFfSus5N1UcxqHknfCSXPudx65NiJRD3aa8iCmIyUiwah1kt8ckBsyqNa 8urcA/ktIQWpQoDWofvaHCctiriyT1Jge8VIb5FRbwSSfVfqZ4SllEzriPUcVjbkJ8sWxM3zmlCGOEu1KWbxQf07kNDZmGoeuM6Z2bFa9ufif18tsdB3kQqWZ5YotF0WZxDbB88/xUGjOrJw6QpkW7lbMxlRTZl0+FRcCWX35 L2lf1IlXJ/eXtcZtEUcZTuAUzoHAFTTgDlrgAwMBT/ACr0ihZ/SG3petJVTMHMMvoI9vrV+N7Q==</latexit><latexit sha1_base64="qew7vOV3fhlqgR006GdsMLWrEWw=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgq WxE0ItQ7MVjBbcttEvJptk2NJtdkqxQlv4GLx4U8eoP8ua/MW33oNUHA4/3ZpiZF6ZSGOt5X6i0tr6xuVXeruzs7u0fVA+P2ibJNOM+S2SiuyE1XArFfSus5N1UcxqHknfCSXPudx65NiJRD3aa8iCmIyUiwah1kt8ckBsyqNa 8urcA/ktIQWpQoDWofvaHCctiriyT1Jge8VIb5FRbwSSfVfqZ4SllEzriPUcVjbkJ8sWxM3zmlCGOEu1KWbxQf07kNDZmGoeuM6Z2bFa9ufif18tsdB3kQqWZ5YotF0WZxDbB88/xUGjOrJw6QpkW7lbMxlRTZl0+FRcCWX35 L2lf1IlXJ/eXtcZtEUcZTuAUzoHAFTTgDlrgAwMBT/ACr0ihZ/SG3petJVTMHMMvoI9vrV+N7Q==</latexit><latexit sha1_base64="qew7vOV3fhlqgR006GdsMLWrEWw=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgq WxE0ItQ7MVjBbcttEvJptk2NJtdkqxQlv4GLx4U8eoP8ua/MW33oNUHA4/3ZpiZF6ZSGOt5X6i0tr6xuVXeruzs7u0fVA+P2ibJNOM+S2SiuyE1XArFfSus5N1UcxqHknfCSXPudx65NiJRD3aa8iCmIyUiwah1kt8ckBsyqNa 8urcA/ktIQWpQoDWofvaHCctiriyT1Jge8VIb5FRbwSSfVfqZ4SllEzriPUcVjbkJ8sWxM3zmlCGOEu1KWbxQf07kNDZmGoeuM6Z2bFa9ufif18tsdB3kQqWZ5YotF0WZxDbB88/xUGjOrJw6QpkW7lbMxlRTZl0+FRcCWX35 L2lf1IlXJ/eXtcZtEUcZTuAUzoHAFTTgDlrgAwMBT/ACr0ihZ/SG3petJVTMHMMvoI9vrV+N7Q==</latexit>
C2 2 C
<latexit sha1_base64="nbl2HYzPzvs1iCw9wGxhDWliEsU=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgq iRF0GWxG5cV7AOaECbTSTt0Mgkzk0IJ/RM3LhRx65+482+ctFlo64GBwzn3cs+cMOVMacf5tipb2zu7e9X92sHh0fGJfXrWU0kmCe2ShCdyEGJFORO0q5nmdJBKiuOQ0344bRd+f0alYol40vOU+jEeCxYxgrWRAttuB02PCS/ GehKGeXsR2HWn4SyBNolbkjqU6AT2lzdKSBZToQnHSg1dJ9V+jqVmhNNFzcsUTTGZ4jEdGipwTJWfL5Mv0JVRRihKpHlCo6X6eyPHsVLzODSTRUK17hXif94w09GdnzORZpoKsjoUZRzpBBU1oBGTlGg+NwQTyUxWRCZYYqJN WTVTgrv+5U3SazZcp+E+3tRb92UdVbiAS7gGF26hBQ/QgS4QmMEzvMKblVsv1rv1sRqtWOXOOfyB9fkDJ/mTVw==</latexit><latexit sha1_base64="nbl2HYzPzvs1iCw9wGxhDWliEsU=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgq iRF0GWxG5cV7AOaECbTSTt0Mgkzk0IJ/RM3LhRx65+482+ctFlo64GBwzn3cs+cMOVMacf5tipb2zu7e9X92sHh0fGJfXrWU0kmCe2ShCdyEGJFORO0q5nmdJBKiuOQ0344bRd+f0alYol40vOU+jEeCxYxgrWRAttuB02PCS/ GehKGeXsR2HWn4SyBNolbkjqU6AT2lzdKSBZToQnHSg1dJ9V+jqVmhNNFzcsUTTGZ4jEdGipwTJWfL5Mv0JVRRihKpHlCo6X6eyPHsVLzODSTRUK17hXif94w09GdnzORZpoKsjoUZRzpBBU1oBGTlGg+NwQTyUxWRCZYYqJN WTVTgrv+5U3SazZcp+E+3tRb92UdVbiAS7gGF26hBQ/QgS4QmMEzvMKblVsv1rv1sRqtWOXOOfyB9fkDJ/mTVw==</latexit><latexit sha1_base64="nbl2HYzPzvs1iCw9wGxhDWliEsU=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgq iRF0GWxG5cV7AOaECbTSTt0Mgkzk0IJ/RM3LhRx65+482+ctFlo64GBwzn3cs+cMOVMacf5tipb2zu7e9X92sHh0fGJfXrWU0kmCe2ShCdyEGJFORO0q5nmdJBKiuOQ0344bRd+f0alYol40vOU+jEeCxYxgrWRAttuB02PCS/ GehKGeXsR2HWn4SyBNolbkjqU6AT2lzdKSBZToQnHSg1dJ9V+jqVmhNNFzcsUTTGZ4jEdGipwTJWfL5Mv0JVRRihKpHlCo6X6eyPHsVLzODSTRUK17hXif94w09GdnzORZpoKsjoUZRzpBBU1oBGTlGg+NwQTyUxWRCZYYqJN WTVTgrv+5U3SazZcp+E+3tRb92UdVbiAS7gGF26hBQ/QgS4QmMEzvMKblVsv1rv1sRqtWOXOOfyB9fkDJ/mTVw==</latexit><latexit sha1_base64="nbl2HYzPzvs1iCw9wGxhDWliEsU=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgq iRF0GWxG5cV7AOaECbTSTt0Mgkzk0IJ/RM3LhRx65+482+ctFlo64GBwzn3cs+cMOVMacf5tipb2zu7e9X92sHh0fGJfXrWU0kmCe2ShCdyEGJFORO0q5nmdJBKiuOQ0344bRd+f0alYol40vOU+jEeCxYxgrWRAttuB02PCS/ GehKGeXsR2HWn4SyBNolbkjqU6AT2lzdKSBZToQnHSg1dJ9V+jqVmhNNFzcsUTTGZ4jEdGipwTJWfL5Mv0JVRRihKpHlCo6X6eyPHsVLzODSTRUK17hXif94w09GdnzORZpoKsjoUZRzpBBU1oBGTlGg+NwQTyUxWRCZYYqJN WTVTgrv+5U3SazZcp+E+3tRb92UdVbiAS7gGF26hBQ/QgS4QmMEzvMKblVsv1rv1sRqtWOXOOfyB9fkDJ/mTVw==</latexit>
A3 2 C
<latexit sha1_base64="lEojCEJjElBhuocUpiPGu GSQX9Q=">AAAB+XicbVBNS8NAFHypX7V+RT16WSyCp5KooMdqLx4rWFtoQthsN+3SzSbsbgol9J948aCIV/+J N/+NmzYHbR1YGGbe481OmHKmtON8W5W19Y3Nrep2bWd3b//APjx6UkkmCe2QhCeyF2JFORO0o5nmtJdKiuOQ 0244bhV+d0KlYol41NOU+jEeChYxgrWRAtu+DS49JrwY61EY5q1ZYNedhjMHWiVuSepQoh3YX94gIVlMhSYcK 9V3nVT7OZaaEU5nNS9TNMVkjIe0b6jAMVV+Pk8+Q2dGGaAokeYJjebq740cx0pN49BMFgnVsleI/3n9TEc3fs 5EmmkqyOJQlHGkE1TUgAZMUqL51BBMJDNZERlhiYk2ZdVMCe7yl1fJ00XDdRruw1W9eVfWUYUTOIVzcOEamnA PbegAgQk8wyu8Wbn1Yr1bH4vRilXuHMMfWJ8/JmSTVg==</latexit><latexit sha1_base64="lEojCEJjElBhuocUpiPGu GSQX9Q=">AAAB+XicbVBNS8NAFHypX7V+RT16WSyCp5KooMdqLx4rWFtoQthsN+3SzSbsbgol9J948aCIV/+J N/+NmzYHbR1YGGbe481OmHKmtON8W5W19Y3Nrep2bWd3b//APjx6UkkmCe2QhCeyF2JFORO0o5nmtJdKiuOQ 0244bhV+d0KlYol41NOU+jEeChYxgrWRAtu+DS49JrwY61EY5q1ZYNedhjMHWiVuSepQoh3YX94gIVlMhSYcK 9V3nVT7OZaaEU5nNS9TNMVkjIe0b6jAMVV+Pk8+Q2dGGaAokeYJjebq740cx0pN49BMFgnVsleI/3n9TEc3fs 5EmmkqyOJQlHGkE1TUgAZMUqL51BBMJDNZERlhiYk2ZdVMCe7yl1fJ00XDdRruw1W9eVfWUYUTOIVzcOEamnA PbegAgQk8wyu8Wbn1Yr1bH4vRilXuHMMfWJ8/JmSTVg==</latexit><latexit sha1_base64="lEojCEJjElBhuocUpiPGu GSQX9Q=">AAAB+XicbVBNS8NAFHypX7V+RT16WSyCp5KooMdqLx4rWFtoQthsN+3SzSbsbgol9J948aCIV/+J N/+NmzYHbR1YGGbe481OmHKmtON8W5W19Y3Nrep2bWd3b//APjx6UkkmCe2QhCeyF2JFORO0o5nmtJdKiuOQ 0244bhV+d0KlYol41NOU+jEeChYxgrWRAtu+DS49JrwY61EY5q1ZYNedhjMHWiVuSepQoh3YX94gIVlMhSYcK 9V3nVT7OZaaEU5nNS9TNMVkjIe0b6jAMVV+Pk8+Q2dGGaAokeYJjebq740cx0pN49BMFgnVsleI/3n9TEc3fs 5EmmkqyOJQlHGkE1TUgAZMUqL51BBMJDNZERlhiYk2ZdVMCe7yl1fJ00XDdRruw1W9eVfWUYUTOIVzcOEamnA PbegAgQk8wyu8Wbn1Yr1bH4vRilXuHMMfWJ8/JmSTVg==</latexit><latexit sha1_base64="lEojCEJjElBhuocUpiPGu GSQX9Q=">AAAB+XicbVBNS8NAFHypX7V+RT16WSyCp5KooMdqLx4rWFtoQthsN+3SzSbsbgol9J948aCIV/+J N/+NmzYHbR1YGGbe481OmHKmtON8W5W19Y3Nrep2bWd3b//APjx6UkkmCe2QhCeyF2JFORO0o5nmtJdKiuOQ 0244bhV+d0KlYol41NOU+jEeChYxgrWRAtu+DS49JrwY61EY5q1ZYNedhjMHWiVuSepQoh3YX94gIVlMhSYcK 9V3nVT7OZaaEU5nNS9TNMVkjIe0b6jAMVV+Pk8+Q2dGGaAokeYJjebq740cx0pN49BMFgnVsleI/3n9TEc3fs 5EmmkqyOJQlHGkE1TUgAZMUqL51BBMJDNZERlhiYk2ZdVMCe7yl1fJ00XDdRruw1W9eVfWUYUTOIVzcOEamnA PbegAgQk8wyu8Wbn1Yr1bH4vRilXuHMMfWJ8/JmSTVg==</latexit>
A4 2 C
<latexit sha1_base64="tX5fW9ZfUhImx0hiuyblY Wr/nlM=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi6LLajcsK9gFNCJPppB06mYSZSaGE/okbF4q49U/c +TdO2iy09cDA4Zx7uWdOmHKmtON8W5WNza3tnepubW//4PDIPj7pqiSThHZIwhPZD7GinAna0Uxz2k8lxXHI aS+ctAq/N6VSsUQ86VlK/RiPBIsYwdpIgW3fBdceE16M9TgM89Y8sOtOw1kArRO3JHUo0Q7sL2+YkCymQhOOl Rq4Tqr9HEvNCKfzmpcpmmIywSM6MFTgmCo/XySfowujDFGUSPOERgv190aOY6VmcWgmi4Rq1SvE/7xBpqNbP2 cizTQVZHkoyjjSCSpqQEMmKdF8ZggmkpmsiIyxxESbsmqmBHf1y+uke9VwnYb7eF1v3pd1VOEMzuESXLiBJjx AGzpAYArP8ApvVm69WO/Wx3K0YpU7p/AH1ucPJ/WTVw==</latexit><latexit sha1_base64="tX5fW9ZfUhImx0hiuyblY Wr/nlM=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi6LLajcsK9gFNCJPppB06mYSZSaGE/okbF4q49U/c +TdO2iy09cDA4Zx7uWdOmHKmtON8W5WNza3tnepubW//4PDIPj7pqiSThHZIwhPZD7GinAna0Uxz2k8lxXHI aS+ctAq/N6VSsUQ86VlK/RiPBIsYwdpIgW3fBdceE16M9TgM89Y8sOtOw1kArRO3JHUo0Q7sL2+YkCymQhOOl Rq4Tqr9HEvNCKfzmpcpmmIywSM6MFTgmCo/XySfowujDFGUSPOERgv190aOY6VmcWgmi4Rq1SvE/7xBpqNbP2 cizTQVZHkoyjjSCSpqQEMmKdF8ZggmkpmsiIyxxESbsmqmBHf1y+uke9VwnYb7eF1v3pd1VOEMzuESXLiBJjx AGzpAYArP8ApvVm69WO/Wx3K0YpU7p/AH1ucPJ/WTVw==</latexit><latexit sha1_base64="tX5fW9ZfUhImx0hiuyblY Wr/nlM=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi6LLajcsK9gFNCJPppB06mYSZSaGE/okbF4q49U/c +TdO2iy09cDA4Zx7uWdOmHKmtON8W5WNza3tnepubW//4PDIPj7pqiSThHZIwhPZD7GinAna0Uxz2k8lxXHI aS+ctAq/N6VSsUQ86VlK/RiPBIsYwdpIgW3fBdceE16M9TgM89Y8sOtOw1kArRO3JHUo0Q7sL2+YkCymQhOOl Rq4Tqr9HEvNCKfzmpcpmmIywSM6MFTgmCo/XySfowujDFGUSPOERgv190aOY6VmcWgmi4Rq1SvE/7xBpqNbP2 cizTQVZHkoyjjSCSpqQEMmKdF8ZggmkpmsiIyxxESbsmqmBHf1y+uke9VwnYb7eF1v3pd1VOEMzuESXLiBJjx AGzpAYArP8ApvVm69WO/Wx3K0YpU7p/AH1ucPJ/WTVw==</latexit><latexit sha1_base64="tX5fW9ZfUhImx0hiuyblY Wr/nlM=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi6LLajcsK9gFNCJPppB06mYSZSaGE/okbF4q49U/c +TdO2iy09cDA4Zx7uWdOmHKmtON8W5WNza3tnepubW//4PDIPj7pqiSThHZIwhPZD7GinAna0Uxz2k8lxXHI aS+ctAq/N6VSsUQ86VlK/RiPBIsYwdpIgW3fBdceE16M9TgM89Y8sOtOw1kArRO3JHUo0Q7sL2+YkCymQhOOl Rq4Tqr9HEvNCKfzmpcpmmIywSM6MFTgmCo/XySfowujDFGUSPOERgv190aOY6VmcWgmi4Rq1SvE/7xBpqNbP2 cizTQVZHkoyjjSCSpqQEMmKdF8ZggmkpmsiIyxxESbsmqmBHf1y+uke9VwnYb7eF1v3pd1VOEMzuESXLiBJjx AGzpAYArP8ApvVm69WO/Wx3K0YpU7p/AH1ucPJ/WTVw==</latexit>
A1 = 0
<latexit sha1_base64="Q8aMVzzkE0jL9WQ5+2bPw J2vw3o=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9eKxgrGFNpTNdtIu3WzC7kYoob/BiwdFvPqD vPlv3LY5aOuDgcd7M8zMC1PBtXHdb6e0srq2vlHerGxt7+zuVfcPHnWSKYY+S0Si2iHVKLhE33AjsJ0qpHEo sBWObqd+6wmV5ol8MOMUg5gOJI84o8ZK/nXPu3J71Zpbd2cgy8QrSA0KNHvVr24/YVmM0jBBte54bmqCnCrDm cBJpZtpTCkb0QF2LJU0Rh3ks2Mn5MQqfRIlypY0ZKb+nshprPU4Dm1nTM1QL3pT8T+vk5noMsi5TDODks0XRZ kgJiHTz0mfK2RGjC2hTHF7K2FDqigzNp+KDcFbfHmZPJ7VPbfu3Z/XGjdFHGU4gmM4BQ8uoAF30AQfGHB4hld 4c6Tz4rw7H/PWklPMHMIfOJ8/qMuN6g==</latexit><latexit sha1_base64="Q8aMVzzkE0jL9WQ5+2bPw J2vw3o=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9eKxgrGFNpTNdtIu3WzC7kYoob/BiwdFvPqD vPlv3LY5aOuDgcd7M8zMC1PBtXHdb6e0srq2vlHerGxt7+zuVfcPHnWSKYY+S0Si2iHVKLhE33AjsJ0qpHEo sBWObqd+6wmV5ol8MOMUg5gOJI84o8ZK/nXPu3J71Zpbd2cgy8QrSA0KNHvVr24/YVmM0jBBte54bmqCnCrDm cBJpZtpTCkb0QF2LJU0Rh3ks2Mn5MQqfRIlypY0ZKb+nshprPU4Dm1nTM1QL3pT8T+vk5noMsi5TDODks0XRZ kgJiHTz0mfK2RGjC2hTHF7K2FDqigzNp+KDcFbfHmZPJ7VPbfu3Z/XGjdFHGU4gmM4BQ8uoAF30AQfGHB4hld 4c6Tz4rw7H/PWklPMHMIfOJ8/qMuN6g==</latexit><latexit sha1_base64="Q8aMVzzkE0jL9WQ5+2bPw J2vw3o=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9eKxgrGFNpTNdtIu3WzC7kYoob/BiwdFvPqD vPlv3LY5aOuDgcd7M8zMC1PBtXHdb6e0srq2vlHerGxt7+zuVfcPHnWSKYY+S0Si2iHVKLhE33AjsJ0qpHEo sBWObqd+6wmV5ol8MOMUg5gOJI84o8ZK/nXPu3J71Zpbd2cgy8QrSA0KNHvVr24/YVmM0jBBte54bmqCnCrDm cBJpZtpTCkb0QF2LJU0Rh3ks2Mn5MQqfRIlypY0ZKb+nshprPU4Dm1nTM1QL3pT8T+vk5noMsi5TDODks0XRZ kgJiHTz0mfK2RGjC2hTHF7K2FDqigzNp+KDcFbfHmZPJ7VPbfu3Z/XGjdFHGU4gmM4BQ8uoAF30AQfGHB4hld 4c6Tz4rw7H/PWklPMHMIfOJ8/qMuN6g==</latexit><latexit sha1_base64="Q8aMVzzkE0jL9WQ5+2bPw J2vw3o=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9eKxgrGFNpTNdtIu3WzC7kYoob/BiwdFvPqD vPlv3LY5aOuDgcd7M8zMC1PBtXHdb6e0srq2vlHerGxt7+zuVfcPHnWSKYY+S0Si2iHVKLhE33AjsJ0qpHEo sBWObqd+6wmV5ol8MOMUg5gOJI84o8ZK/nXPu3J71Zpbd2cgy8QrSA0KNHvVr24/YVmM0jBBte54bmqCnCrDm cBJpZtpTCkb0QF2LJU0Rh3ks2Mn5MQqfRIlypY0ZKb+nshprPU4Dm1nTM1QL3pT8T+vk5noMsi5TDODks0XRZ kgJiHTz0mfK2RGjC2hTHF7K2FDqigzNp+KDcFbfHmZPJ7VPbfu3Z/XGjdFHGU4gmM4BQ8uoAF30AQfGHB4hld 4c6Tz4rw7H/PWklPMHMIfOJ8/qMuN6g==</latexit>
A2 = 0
<latexit sha1_base64="22rQ0mW0dtQmArI2YevIM EW/9sk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6sVjBdMW2lA22027dLMJuxOhlP4GLx4U8eoP 8ua/cdvmoK0PBh7vzTAzL0ylMOi6305hbX1jc6u4XdrZ3ds/KB8eNU2SacZ9lshEt0NquBSK+yhQ8naqOY1D yVvh6G7mt564NiJRjzhOeRDTgRKRYBSt5N/0atdur1xxq+4cZJV4OalAjkav/NXtJyyLuUImqTEdz00xmFCNg kk+LXUzw1PKRnTAO5YqGnMTTObHTsmZVfokSrQthWSu/p6Y0NiYcRzazpji0Cx7M/E/r5NhdBVMhEoz5IotFk WZJJiQ2eekLzRnKMeWUKaFvZWwIdWUoc2nZEPwll9eJc1a1XOr3sNFpX6bx1GEEziFc/DgEupwDw3wgYGAZ3i FN0c5L86787FoLTj5zDH8gfP5A6pRjes=</latexit><latexit sha1_base64="22rQ0mW0dtQmArI2YevIM EW/9sk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6sVjBdMW2lA22027dLMJuxOhlP4GLx4U8eoP 8ua/cdvmoK0PBh7vzTAzL0ylMOi6305hbX1jc6u4XdrZ3ds/KB8eNU2SacZ9lshEt0NquBSK+yhQ8naqOY1D yVvh6G7mt564NiJRjzhOeRDTgRKRYBSt5N/0atdur1xxq+4cZJV4OalAjkav/NXtJyyLuUImqTEdz00xmFCNg kk+LXUzw1PKRnTAO5YqGnMTTObHTsmZVfokSrQthWSu/p6Y0NiYcRzazpji0Cx7M/E/r5NhdBVMhEoz5IotFk WZJJiQ2eekLzRnKMeWUKaFvZWwIdWUoc2nZEPwll9eJc1a1XOr3sNFpX6bx1GEEziFc/DgEupwDw3wgYGAZ3i FN0c5L86787FoLTj5zDH8gfP5A6pRjes=</latexit><latexit sha1_base64="22rQ0mW0dtQmArI2YevIM EW/9sk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6sVjBdMW2lA22027dLMJuxOhlP4GLx4U8eoP 8ua/cdvmoK0PBh7vzTAzL0ylMOi6305hbX1jc6u4XdrZ3ds/KB8eNU2SacZ9lshEt0NquBSK+yhQ8naqOY1D yVvh6G7mt564NiJRjzhOeRDTgRKRYBSt5N/0atdur1xxq+4cZJV4OalAjkav/NXtJyyLuUImqTEdz00xmFCNg kk+LXUzw1PKRnTAO5YqGnMTTObHTsmZVfokSrQthWSu/p6Y0NiYcRzazpji0Cx7M/E/r5NhdBVMhEoz5IotFk WZJJiQ2eekLzRnKMeWUKaFvZWwIdWUoc2nZEPwll9eJc1a1XOr3sNFpX6bx1GEEziFc/DgEupwDw3wgYGAZ3i FN0c5L86787FoLTj5zDH8gfP5A6pRjes=</latexit><latexit sha1_base64="22rQ0mW0dtQmArI2YevIM EW/9sk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6sVjBdMW2lA22027dLMJuxOhlP4GLx4U8eoP 8ua/cdvmoK0PBh7vzTAzL0ylMOi6305hbX1jc6u4XdrZ3ds/KB8eNU2SacZ9lshEt0NquBSK+yhQ8naqOY1D yVvh6G7mt564NiJRjzhOeRDTgRKRYBSt5N/0atdur1xxq+4cZJV4OalAjkav/NXtJyyLuUImqTEdz00xmFCNg kk+LXUzw1PKRnTAO5YqGnMTTObHTsmZVfokSrQthWSu/p6Y0NiYcRzazpji0Cx7M/E/r5NhdBVMhEoz5IotFk WZJJiQ2eekLzRnKMeWUKaFvZWwIdWUoc2nZEPwll9eJc1a1XOr3sNFpX6bx1GEEziFc/DgEupwDw3wgYGAZ3i FN0c5L86787FoLTj5zDH8gfP5A6pRjes=</latexit>
Figure 6: Diagram of modes of a BHL with instabilities. Modes k1ur and k1ul are exponentially
decaying or growing to one side. The shown coefficients Aj and Cj describe the situation with
square-integrable solutions.
5 Black hole laser with complex frequencies
5.1 Qualitative and quantitative descriptions
Now, we consider the condensate in a black-hole laser configuration as a quantum fluid. We
would like to find its instabilities, i.e. the eigenfunctions of the system with complex frequen-
cies ω = ωR + iωI with positive imaginary part ωI > 0, such that the amplitude will increase
exponentially with time
e−iωt = e−i(ωR+iωI)t = eωI te−iωRt. (22)
For this we take the BHL cavity as a whole and consider a situation where the only modes
allowed to leave the cavity are the exponentially decaying ones, all these modes are in the
subsonic region. From our labeling of the subsonic solutions, we can see that k1ur decays expo-
nentially to the right and k1ul to the left.
We expect that adding a small positive imaginary part to the frequency will not change the
qualitative behavior of our solutions from real frequencies to keep having a black-hole laser
configuration. Taking into account the previous considerations, we have a new configuration
for the BHL with complex frequencies in Fig. 6 that includes new complex solutions.
Let us state this situation in equations. We divide the quantum field φ into the three regions
I, II, and III, as shown in Fig. 6. In each region, the wave function of the fluid φ(x) is given by
φ1 = A · eik1x, φ2 = B · eik2x, φ3 = C · eik1x, (23)
where
A = (A1, A2, A3, A4), B = (B1, B2, B3, B4), C = (C1, C2, C3, C4), (24)
and
eik1·x = (eik11x, eik12x, eik13x, eik14x), eik2·x = (eik21x, eik22x, eik23x, eik24x). (25)
In the laser configuration, incoming and outgoing modes are allowed as long as they are expo-
nentially decaying away from the cavity. This means that the BHL configuration is A1 = A2 =
C3 = C4 = 0, as stated in Fig. 6. The other coefficients must be found to define a BHL mode.
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5.2 Transfer matrix method
In order to solve this problem we use the transfer matrix method. We can use this method
because in our system, the velocity profile is constant in all regions except on the interfaces,
where we should ensure the continuity of φ(x), φ′(x), φ′′(x), φ′′′(x). This is because we have a
quartic equation. We can define the transfer matrices from region I to II (M1) and II to III (M2)
from the matrices with coefficients from φ(x), φ′(x), φ′′(x), φ′′′(x):
m1 =

1 1 1 1
ik11 ik12 ik13 ik14
−k211 −k212 −k213 −k214
−ik311 −ik312 −ik313 −ik314
 , m2 =

1 1 1 1
ik21 ik22 ik23 ik24
−k221 −k222 −k223 −k224
−ik321 −ik322 −ik323 −ik324
 . (26)
The first subindex corresponds to the velocity v1 or v2. The second one specifies the solution,
from 1 to 4. We can choose any order of our k solutions as long as we are consistent; we choose
the ordering u, ur, ul, and v, as shown in Fig. 6.
Then, the transfer matrices are simply
M1 = m−12 m1, M2 = m
−1
1 m2 = M
−1
1 . (27)
We also define the propagation matrices to take the solution between the interfaces of the cavity.
They are defined by
PL = diag(e−ik21L, e−ik22L, e−ik23L, e−ik24L), (28)
PR = diag(eik21L, eik22L, eik23L, eik24L). (29)
Finally, the total transfer matrix (M) from region III to I is given by
M = M1PL M2 = m−12 m1PLm
−1
1 m2, (30)
similarly, from region I to III we need to use M−1.
Using M we can obtain the coefficients A1, A2, A3, A4 in terms of C1, C2, C3, C4 for a given
complex frequency ω. Each complex ω has a set of four complex wave-number solutions k
for the subsonic region k1 and another four for the supersonic region k2. Together they all
determine the Aj coefficients.
φI(x) = MφIII(x). (31)
This problem can be solved analytically. Starting from the four coefficients A, for any com-
plex frequency ω one can calculate the corresponding eight complex wave-numbers k1(ω) and
k2(ω), and finally calculate the four coefficients C.
5.3 Spontaneous lasing modes
We define a spontaneous lasing mode as a mode of the BHL with complex eigenvalues that has
a square-integrable stable solution. This is the situation shown in Fig. 6, where A1 = A2 =
C3 = C4 = 0. We start with φIII(x) given by the coefficients C = (1, ρ, 0, 0) with ρ ∈ C to be
found (we also fix its phase). Then, we obtain φI(x) using the transfer matrix method such that
A1 = A2 = 0. The solution with one null coefficient can be found analytically, but the second
one has to be solved numerically. For example, for v1 = −1/2 and v2 = −3, there is a single
solution given by ω` = 2.4613 + 0.5667i, where the subindex ` indicates it is a lasing mode.
The quantum fields φ(x) for this and an additional solution are shown for the three regions in
10
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Figure 7: Quantum field φ(x) for a cavity formed between x = 0 and x = L = 1. We plot |φ| (thick
solid blue), Re(φ) (thin solid orange), Im(φ) (dashed green) for v2 = −2 (left) and v2 = −3 (right).
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Figure 8: Change of k1 and k2 for fixed Re(ω`) and increasing value of Im(ω) from 0 to Im(ω`) in
fixed steps for v1 = −1/2 and v2 = −3.
Fig. 7, where we see that their absolute value and real and imaginary part are continuous and
decaying away from the cavity. We also checked that the first three derivative are continuous
at x = 0 and x = L.
We need to check that the qualitative behavior of our new complex solution follows our
stated problem. In particular, we need to check that modes k2ur and k2ul decay on the correct
side of the cavity, as the ordering of those modes is initially arbitrary. The eights values of k1
and k2 are shown in Fig. 8 with fixed real part Re(ω`) and increasing imaginary part from 0 to
Im(ω`) in fixed steps.
As we have pointed out in the introduction, the exponential decay of the spatial modes
does not mean that the radiation is trapped inside the BHL. On the contrary, it is propagat-
ing out of the cavity. Figure 7 shows that the spatial shape is asymmetric: most of the ra-
diation moves out as co-propagating v-waves in region I. Reflection is a common feature in
wave propagation across sharp boundaries, as in our case. So the large co-propagating com-
ponent is not surprising. The surprise is the large trans-Planckian contribution to the emit-
ted radiation, usually larger than the usual counter-propagating component. For example,
for v1 = −1/2 and v2 = −3, the coefficients outside the cavity for the single lasing mode
are A = (0, 0,−1.2149 + i0.3174, 5.1095 + i3.9008) in region I, C = (1, 1.1497 + i0.3824, 0, 0)
in region III. This shows that trans-Planckian radiation is able to tunnel out of the BHL at a
comparable rate as the ordinary Hawking radiation.
11
Resonant Hawking radiation as an instability Bermudez, Leonhardt
0 2 4 6 8 10 12
0
π
2 π
3 π
Figure 9: Phase difference (k2ul− k2ur)(ωR) considering the plane-wave model with v2 =−2 (blue),
−3 (orange), −4 (green), and −5 (red). The phase difference of pi and 3pi predicted by the model
are marked by black points. The dashed lines mark the ωR-value found by the theory of excitations
in the corresponding color and a point marks its intersection with the phase value.
Numerically, a single solution can be found for the slowest supersonic velocities v2, i.e.,
close to vt, e.g., v2 = −3. However, we can find more solutions if we choose an even more
negative value, e.g., for v2 = −5 there are two solutions. Is there another way of explaining
these findings? In the next section we will compare our solution found through the theory of
instabilities with a simple model.
6 Comparison with simple model
In previous sections we show how to find spontaneous lasing modes of the BHL using the
theory of excitations. Varying v1 and v2, we found numerical solutions with one or more lasing
modes. We now use a simple mode to get a better picture of the dynamics of the lasing mode.
This model considers plane-waves solutions, i.e., we take the solutions for our lasing mode
k(ω`) with complex frequency ω` = ωR + iωI , but we consider that the imaginary part is zero
ωI → 0. This is a plane-wave model with real wave numbers k(ωR).
According to the usual BHL evolution (see Fig. 2(a)), there are two trapped modes inside
the cavity, one traveling to the left k2ul and one to the right k2ul. These modes stimulate a mode
with opposite norm that is able to leave the cavity k1u and at the same time amplifying the next
cycle of trapped modes. With the plane-wave model, we check if the wave-number solutions k
follow a round-trip condition for a resonance.
6.1 Resonance condition
A resonance occurs when the phase difference of the trapped radiation after each round-trip is
an integer multiple of 2pi. As two reflections at turning points occur during each round-trip,
the phase mismatch between k2ul and k2ur should be ∆k = (2n + 1)pi.
In Fig. 9 we show the phase difference (k2ul − k2ur) at ω` using the plane-wave model
(ωI = 0) for different values of v2. We show in black the predictions of the plane-wave model
and, for comparison, we show as vertical dashed lines the solutions of ω` found with the theory
of excitations. All of the predictions of the simple model are close to the actual solution of the
full system and, more importantly, the number of roots is given by this model.
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This means that the plane-wave model for real frequencies is good enough to give us an ap-
proximation for ωR. Moreover, it enforces our interpretation of the complex solution obtained
using the theory of excitations. Also, it agrees with the result of the last equation of Ref. [25]
using the plane-wave model. Indeed, we are finding that the continuous bouncing of modes
k2ul and k2ur is responsible for the creation of particles by the Hawking-like process through
instabilities.
7 Conclusions
In this paper, we applied the theory of excitations to describe a black-hole laser in a Bose-
Einstein condensate. By using this theory, we are able to find spontaneous lasing modes, where
a system without incoming signal is able to exponentially amplify the trapped modes. This is a
signature of a Hawking-like process that occurs here as eigenmodes with complex frequencies.
Moreover, we found that the black-hole laser is well understood [10, 25] using a simple
plane-wave model for real frequencies. We can take the real part of our frequency solutions ω`
and use this simple model to compare with the result obtained from the theory of excitations.
From this we obtain that the resonance condition for the appropriated modes gives a good
approximation of Re(ω`).
Our theory is thus consistent with a simple, intuitive model based on waves with real fre-
quencies. Yet it also shows a surprising feature for instabilities with complex frequencies: a
substantial part of the emitted radiation consists of trans-Planckian waves. For real frequen-
cies, these waves would not be able to propagate outside of the horizons, but for complex
frequencies they would reach an observer in the same way as regular Hawking radiation.
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